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INTRODUCTION 


In making a study of the effects of breakage in the 
X-chromosome of Drosophila for the purpose of detecting 
a possible sex factor, the writer has found, incidentally, 
many cases of so-called deficiencies of small magnitude 
that are lethal in the male. It is the object of this paper 
to present the main facts observed, pending a more inten- 
sive study of the subject by other workers in the labo- 
ratory. 

In order to obtain such cases the writer has developed 
the following method. Either the wild-type or the Theta 
fly (usually the male) was irradiated and then crossed 
to an individual having an X-chromosome marked with 
several recessive mutant genes. Any mutation, whether 
lethal or not, that may have been induced at one (or more) 
of the loci of the normal allelomorphs of the mutant mark- 
ers can be detected in the F, fly that has inherited the 
affected chromosome and its marked partner. Breeding 
tests will show whether or not the variation is associated 
with a lethal effect, or is simply a point mutation. If the 
variant female gives the two expected classes of non- 
crossover sons in about equal numbers, the case repre- 
sents a point mutation, but if she gives only the class of 


sons that received the marked or untreated X-chromo- 
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some, the case then represents some type of ‘‘lethal muta- 
tion.’? In this paper we shall use the general term 
mutation for both kinds of cases. 

By crossing treated flies to various stocks with different 
combinations of recessive sex-linked mutant genes, one 
ean obtain both kinds of mutations at practically all the 
known loci. In the case of lethal mutations, it was found 
that the deficiencies varied in extent from cases involving 
a single locus to cases in which several adjacent loci were 
included. The more extensive deletions will not be con- 
sidered in this paper, nor will the mosaics and gynandro- 
morphs be discussed. 


Numser or Mutations Founp 


In Table 1 are listed 230 cases of mutations obtained 
by this method. These occurred at 15 of the principal 
loci that had been marked by recessive genes in the 


TABLE 1 


Loci y se y y pl f car Totals 


Mottleds 
Lethals 3 112 involving 

in loci 
Mutations 0 16 of white 
Sterile or no test 12 0 102 


Totals 3 230 32 


untreated X-chromosome. The 15 mutant genes were 
those for yellow, scute, white, echinus, crossveinless, cut, 
singed, lozenge, vermilion, miniature, wavy, garnet, 
pleated, forked and carnation. In addition to these, the 
table includes all cases found at the unmarked locus of 
facet, for a deficiency at this point is revealed in the F; 
female in the form of notched wings. Since notch acts 
as a dominant in a fly heterozygous for the deficiency, 
such cases are easily detected. There are also listed, in 
the last column of the table, 32 cases of mottled-eyed flies. 
We shall not consider the mottleds, except to say that in 
each ease the locus of white was involved and in several 
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of them neighboring loci were also included, especially 
that of facet (notch). 

The 230 cases are listed under three headings: (1) 
Lethals, or cases in which the male zygote receiving the 
treated X-chromosome does not survive; (2) point muta- 
tions that bred true; (3) sterile or untested flies. There 
are included in the last group a few variant females that 
were lost or died before a test could be made. As may 
be seen from the table, 128 females were fertile, and of 
this number 112 showed from the breeding tests that they 
were lethal in the male and only 16 bred true for the 
observed mutation. This gives a ratio of lethal to non- 
lethal mutations of approximately seven to one (87.5 per 
cent. to 12.5 per cent.). It is probably true that most of 
the females listed in the sterile group also carried lethals. 


NumsBer oF Mutations at DIFFERENT Loct 


The number of mutations occurring at the different loci 
varies greatly, from single cases at echinus, lozenge, wavy 


and pleated to 53 at the locus of miniature. However, if 
we count both the white-notched and notched flies, this 
class leads with a total of 73. This raises the question 
as to whether the rate of mutation at the several marked 
loci actually varies as much as is indicated by the number 
of cases shown in the last horizontal line in the table. 
As previous work has shown, the rate of mutation is 
directly proportional to the dosage employed in giving 
the treatments. While the rate could be calculated, so 
far as the variation in dosage is concerned, yet in order 
to do this, it would be necessary to know exactly how 
many flies had been examined. In such a large scale 
experiment, conducted for another purpose, it was found 
to be impracticable to count and record all non-variant 
flies that were passed in review, although the approxi- 
mate number of such flies can be determined from the 
number of culture used, a record of which was made. 
There are several other factors that make it difficult to 
compare from the data the rates of mutation at the sev- 
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eral loci. The number of flies developed from some of 
the combinations was too small to give adequate data as 
to this rate. This is true for such loci as echinus, cut 
and carnation. Furthermore, a mutation at certain loci, 
especially if it is lethal, may affect adversely the viability 
of a fly heterozygous for a deficiency, and consequently, 
fewer variant flies would appear in the F, generation 
than would be the case where no such effect occurs. One 
such case that illustrates this kind of effect has already 
been found and described (Patterson, 731). The case in 
question involves a ‘‘gene for viability’’ near the left end 
of the X-chromosome, situated at some point lying be- 
tween the loci of seute and prune. It was found that if a 
piece of the left end containing this postulated gene is 
missing, a zygote heterozygous for the deficiency is not 
viable. If the break producing a deficiency occurs be- 
tween the locus of scute and that of the viability gene and 
the region of yellow and scute are eliminated, the zygote 
will survive; or if a deletion occurs to the right of the 
locus of the viability gene and eliminates such loci as 
white facet, echinus, ete., the zygote is also viable. 
Again, in case the treated individual was a Theta fly, 
mutations at the loci yellow and scute can not be detected 
in the F, female, because the X-chromosome of this stock 
has a duplicated fragment attached to its extreme right 
end, and this fragment has the normal allelomorphs for 
yellow, scute and broad. In view of these facts we shall 
not be able to determine whether the rate of mutation 
varies appreciably at the different marked loci. 

We may now consider briefly the mutations that were 
found at the different loci. There were 30 females that 
showed a mutation at yellow. Eight of these were de- 
rived from cultures in which the wild-type fly had been 
x-rayed, and twenty-two from cultures in which the 
treated X contained an inversion. The latter stock, 
which is known as scute*, was kindly given to me by Dr. 
S. Levit. Of the eight cases from the treated wild-type 
flies, three were lethal in the male, two were point muta- 
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tions and three were sterile. One of the lethals was 
found to be deficient at the locus of scute also. It was 
inferred that the reason why so few lethals were found 
at the locus of yellow was due to the fact that the major- 
ity of the breaks took place to the right of the locus 
of the viability gene, and hence the zygotes were not 
viable. The purpose of using the scute® stock was to 
obviate this difficulty. The left-hand break which pro- 
duced the scute* chromosome took place between the locus 
of scute and the viability gene, the position of which has 
thus been changed to some point lying much farther to 
the right. This makes it possible to produce deficiencies 
at the left end without making the zygote inviable. To 
produce the lethal mutations at the locus of yellow, gray 
scute® apricot males were x-rayed and crossed to yellow 
scute miniature garnet forked females. There were 
about 4,800 F, females examined, and among these were 
found the 22 yellow females referred to above. Nine of 
these were sterile and 13 were fertile, but lethal in the 
male. 

Only two mutations were found at the locus of scute; 
one of the females was sterile, and the other proved to be 
lethal in the male. The very few mutations found at this 
locus is undoubtedly to be explained on the basis that the 
eliminated piece carried out the viability gene. 

Thirty-four F, females showed mutations at the locus 
of white. Ten of these flies were sterile, four proved to 
be point mutations and 20 were lethal in the male. None 
of these 20 females had notched wings, showing that the 
locus of facet was not deficient. Seven of them had come 
from treated wild-type flies, showing that the left end 
with the viability gene had not been eliminated. The 
remaining 13 cases were derived from treated Theta flies, 
and hence the left end, to the right of the locus of white, 
may have been missing, for the duplication at the right 
end would allow the zygote to survive. However, several 
of these cases were tested to prune, which is not covered 
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by the duplication, and none of the tested cases was found 
to be deficient at that locus. 

The white-notched flies constitute a group of cases in 
which the loci of white and facet are both deficient. 
There were 31 such flies found. Twenty-one of these 
were fertile and showed, as was to be expected, that they 
were lethal in the male. The tests showed further that 
in some of them loci lying to the left or right of the white- 
notch section were also deficient. 

There were 42 females found that had notched wings. 
Nineteen of these were fertile and lethal in the male. 
None of these cases was deficient at the locus of white, 
but one was found to be deficient at the locus of echinus 
(Table 3, specimen 308). 

At the loci of echinus, crossveinless, cut, singed, lozenge 
and vermilion, the number of mutations found were one, 
three, three, three, one and five, respectively. The genes 
for echinus crossveinless and cut were not used exten- 
sively as markers, and this explains why so few cases 
were found at these points. Genes for singed, lozenge 
and vermilion were used frequently, especially the first 
two. The very few mutations found at these two loci 
must be due to the fact that lethals at these points ad- 
versely affect the viability of the zygote. The four cases 
found could not be tested, because a fly homozygous or 
deficient for either of these genes is sterile. 

Of the 53 cases found at the locus of miniature only 17 
were fertile, and two of these were point mutations. The 
15 lethals were all tested for deficiencies at vermilion on 
the left and at either dusky or furrowed, or both, on the 
right, but in no case were any of these loci found to be 
deficient, that is they did not show pseudo-dominance. 

Of the six remaining loci at which mutations were 
found, those for garnet, forked and carnation deserve 
consideration. The genes for garnet and forked were 
used extensively as markers, and they show almost ex- 
actly the same aumber of cases. There were four lethals 
at garnet and five at forked, and each locus had three 
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point mutations and one sterile case. At the locus of 
carnation three cases were found, all lethal in the male. 
This mutation was found by the writer nearly four years 
ago, in flies derived from x-rayed larval stages, and 
although many thousands of flies from treated parents 
have since been examined, yet a second point mutation 
at this locus has never been found. 

We stated above that it was not possible, from the 
available data, to compare the rates of mutation as they 
occur at the several different loci. However, it is pos- 
sible to compare in a limited way two or more loci with 
one another, and this can be done irrespective of the num- 
ber of flies examined. Thus, for example, the mutant 
genes for miniature, garnet and forked were present as 
markers in a large number of cultures. If we count the 
mutations oceurring at these loci in all the cultures in 
which these markers were common, a comparison of fre- 
quencies can then be made. 

In Table 2 are given all the cases of mutations for six 


such groups of combinations. In group 1 yellow and 
white may be compared. There were three mutations 


TABLE 2 


Groups 


Combinations 


Mutations ... 
Sterile or no test. 


found at yellow and twelve at white. This probably does 
not represent a real difference in mutation rate, because 
deficiencies produced at the locus of yellow may be due to 
breaks that resulted in the elimination of a section con- 
taining the viability gene, and hence the zygote did not 
survive. Group 2 shows three mutations at crossvein- 
less as compared to 19 at miniature. Group 3 shows one 


|| 1 2 3 4 5 6 
Iz m|m g f m f car 
1 5 0 56 4 2 5 10 3 
i 6 0 12 1 3 0 4 2 0 3 4 0 0 
Totals .. 3 19 0 10 7 2 8 5 0 3 
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at singed and four at miniature. Group 4 had none at 
lozenge and ten at miniature. Group 5 had seven at 
miniature, two at garnet and eight at forked. Finally, 
group 6 had five at miniature, none at forked and three at 
carnation. If we take the data as a whole, there seems 
to be no doubt that mutations occur at the locus of minia- 
ture more frequently than at any of the other loci, or at 
least one can say that the F, flies with the miniature 
mutation are more viable. 


EXTENT oF THE DEFICIENCIES 


The determination of the extent of the deficiencies is a 
matter of considerable interest. By extent we mean the 
number of map units that are included in the affected 
section. Breeding tests show that in the majority of 
cases only a single known mutant locus is deficient. In 
all cases, as well as in those of greater magnitude, the 
deficiency acts as a sex-linked recessive lethal, and pre- 
vents the development of the male zygote that inherits 
the affected chromosome. In Table 3 are given the results 
obtained in tests made on sixteen cases, which will serve 
as examples of many similar cases that have been tested. 
Whenever a mutation at any of the loci was found to 
be lethal, such cases were further tested for possible 
deficiencies at the nearest known locus lying to either 
side, provided stocks with which to make the tests were 
available. Incidentally, information was secured for 
several of the more distant loci by using multiple mutant 
stocks in making the tests. 

In the table the minus (—) sign indicates that the par- 
ticular locus was found to be deficient; those marked 
with the plus sign (+) indicate loci that were tested and 
found not to be deficient; the unmarked squares show 
that tests were not made at these loci; finally the few 
squares showing a question mark (?) indicate loci that 
could not be tested because of the nature of the X-chro- 
mosome (Theta in all cases). 
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The first seven cases illustrate single locus deficiencies 
or lethals, as follows: 274g, at white; 231c¢, at vermilion; 
244 and 247a, at miniature; 354, at pleated; 274, at 
forked, and 268, at carnation. The next four cases show 
deficiencies at the locus of facet. The female heterozy- 
gous for the deficiency has notched wings. However, the 
character notch is variable, a fact that has been noted 
by Morgan (719) and others. The first three cases, 262, 
267 and 271, were all obtained by x-raying the Theta X, 
The duplication attached to the right end of this chromo- 
some can be removed by a crossover, and this makes it 
possible to test for a deficiency at the locus of broad. It 
also makes it possible to test the locus of scute, even 
though the Theta X carries the mutant gene for scute’. 
This was done by the use of one of the seute allelomorphs, 
known as scute’’, which in combination with scute’ gives 
F’, females that show normal bristle number. If the locus 
of seute had been deficient, the F, females would have 
revealed scute”, which they did not. The Theta X car- 
ries the mutant gene for yellow also, and consequently 
it could not be determined whether or not this locus was 
deficient, because in either event the F, fly would show 
the character yellow. Case 271 could not be tested at 
the loci of seute and broad in this way, because of the 
presence of a non-crossover factor, due perhaps to an 
inversion. 

The five remaining cases all showed deficiencies at two 
or more loci that lay adjacent. Numbers 308 and 314 
were derived from treated wild-type flies, while the other 
three, nos. 172, 235 and 231b, came from the treated 
Theta X-chromosomes. The deficiency in 308 was found 
to include the loci of facet and echinus, while that of 
314 includes the loci of white, facet and echinus. The 
deficient section in the last case therefore extends over 
a distance of at least four map units. 

The three cases obtained from the Theta X have 
deficiencies that are still more extensive. Thus 172 and 
235 were both found to be deficient at prune, white facet 
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and echinus, which represents a map distance of at least 
four and a half units. It was suspected that in each of 
these two cases the entire left end, from yellow to echinus, 
was deficient, but it was not possible to test any one of the 
three loci of yellow, scute or broad, because of the pres- 
ence of the Theta fragment on the right end. If the frag- 
ment is crossed out, the female receiving the crossover 
chromosome with the deficiency is not viable, because of 
the absence of the viability gene. If the deficiency is due 
to the loss of a piece of the chromosome, it might be pos- 
sible to establish the fact by making cytological studies. 
My colleague, Dr. T. S. Painter, made cytological studies 
on about-a dozen cases of deficiencies, but in no case was 
he able to obtain positive evidence that a piece was miss- 
ing, even in such cases as 172 and 235. 

We now know why it is difficult, if not impossible, to 
detect by cytological observations a missing piece from 
the left end of the X-chromosome, even though such a 
piece may include six or seven map units. The fact is 
such a piece is too small physically to permit of a detec- 
tion of its absence from the remainder of the chromo- 
some. This fact was established for the first time by 
a study of the mottled-notched case, No. 231b, which is 
here included for the purpose of showing that the de- 
ficiency phenomenon is due, at least in this case, to an 
actual loss of a piece of the chromosome. 

The mottled-notched case was very similar to cases 172 
and 235, but differed from them in that the broken-off 
piece became translocated to a fourth chromosome. 
The translocation was unstable, and the occasional loss 
of the piece from the fourth during somatogenesis re- 
sulted in producing mottled eyes and variable notched 
wings (Patterson, ’32). It was found that the translo- 
cated piece was only about three times the size of the 
dot-like fourth, with which it could be compared (Patter- 
son and Painter, ’31). This shows why it is practically 
impossible to detect the absence of such a small piece 
from the affected chromosome. 


i 
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DiscussIon AND CoNCLUSION 


We have shown that a very large number of the muta- 
tions induced by x-radiation at known loci are lethal in 
effect, even though the measurable limits of the deficiency 
may not exceed that of the locus of the mutant gene. A 
lethal mutation of this character has been termed a gene 
deficiency, in contrast to a sectional-deficiency caused by 
the loss or inactivation of a definite section of the chro- 
mosome and in ¢ontrast to a chromosome-deficiency 
caused by the loss of an entire chromosome through non- 
disjunction (‘‘Geneties of Drosophila,’’ 1925). 

If, as has been shown, the loss of an entire chromosome, 
or of half of a chromosome, or of a still smaller but 
definite measurable section (case 231b), all produce the 
deficiency phenomena, then at what point in the descend- 
ing series must one cease to regard the deficiency as due 
to a loss and assign to it some other cause? These so- 
called gene-deficiencies not only are lethal for the male, 
but they also show pseudo-dominance, both characteristic 
of sectional-deficiencies. It is also stated that they ex- 
hibit ‘‘exaggeration’’ of the mutant character (Mohr, 
23). In these respects then the single locus lethal mu- 
tations are similar to the more extensive deficiencies, 
such as found in case 231b. It seems logical to assume 
that deficiencies such as were observed in cases 314 and 
308 are due to losses of definite sections of the chromo- 
some. This, however, is difficult to prove, and it becomes 
more difficult still to prove that the single locus lethal is 
due to a loss of a mutant gene, even though this might 
seem to be the next most logical assumption to make. 

Various suggestions have been made in order to ex- 
plain the underlying causes of deficiencies, especially by 
Bridges and Mohr. The second author has considered 
most of these in his papers dealing with his Deficiency- 
Notched 8 (Mohr, 719, ’23). He first suggested in 1919 
that this case could be explained best on the basis of the 
‘‘chain mutation”’ theory, that is, that the deficiency phe- 
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nomena were due to a change brought about through a 
simultaneous mutation of an entire ;chain of adjacent 
genes. Later (1923) he expressed doubts as to the cor- 
rectness of the chain mutation theory, and was inclined 
to support the loss hypothesis. He believed that he was 
able to detect a slight difference in size of the central 
ends of the X-chromosomes of the Notch 8 females, but 
it was later shown that the central end: of the X-chromo- 
some, as it appears in the equatorial plate, represents the 
fiber-bearing end and not the one near which his notched- 
deficiency occurred. 

With reference to the single locus lethals, it may be 
that we are dealing with cases that are due to causes 
differing from those that underlie the more extensive 
deficiencies. It is conceivable that such mutations could 
arise in any one of the following ways: (1) By a recessive 
mutation having a lethal effect, but not including any 
adjacent genes; (2) by the loss of the mutant gene to- 
gether with one or more adjacent genes that are essen- 
tial to the life of the fly (Bridges); (3) by a recessive 
mutation at a known locus and a lethal mutation in a 
near-by gene (Mohr); (4) by a recessive mutation at a 
known locus and a lethal mutation in a gene situated at 
some distance from the mutant gene. In case the mutant 
gene and the lethal gene are identical, or lie so close to 
each other that crossing-over can not take place between 
them, it would be impossible to use the crossover method 
for the purpose of locating the lethal gene. In this con- 
nection it is of interest to point out that reverse muta- 
tions are usually not associated with lethal effects. Thus, 
Muller and the writer obtained five reverse mutations in 
F, females at the locus of forked, and none of these was 
lethal (Patterson and Muller, ’30). It is true that the 
number of cases was small, yet in a corresponding num- 
ber of direct mutations, at least four out of the five would 
have been lethals. 

There is described in the paper an effective method for 
obtaining lethal mutations of the so-called deficiency type 
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at any known mutant locus. The method consists in 
x-raying the wild-type fly (or the Theta fly) and then 
crossing the treated individual to an untreated fly that 
has an X-chromosome ‘‘marked’’ with several recessive 
mutant genes. It was found that seven out of every eight 
mutations occurring in the X-chromosome represented 
lethal mutations. 
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RECURRENCE OF A PECULIAR GENETIC 
RECOMBINATION IN THE SPIKE 
DENSITY OF WHEAT" 


PROFESSOR GEORGE STEWART? AND LESLIE W. NELSON? 
AGRICULTURAL EXPERIMENT STATION, Locan, UTaH 


Two earlier papers (5, 6) have reported the occurrence 
of a partially unexplainable transgressive segregation in 
the spike density of crosses involving Federation < Sevier 
and Kanred < Sevier wheats. Recently, a cross made 
between Ridit and Sevier has brought a recurrence of 
the same peculiarity, whereby a true club wheat is ob- 
tained from a cross of lax with an intermediate form in 
a ratio which seems to require only a single major factor 
difference for explanation. Even more peculiar is the 
non-recovery of one of the parents and the rare recovery 
of the other. 


EXPERIMENTAL PROCEDURE 


The cross between a pure line of Sevier (Sevier 59) 
and Ridit was made at the Utah Station in 1927. The F, 
plants were grown in 1928 and the F, families in 1929. 
The genetic study herein reported was made on F; prog- 
enies, the kernels from each of the 299 F, plants being 
used to seed an F; row. ‘This made it possible to use the 
breeding behavior of the F; progenies as a basis for the 
genetic classification of the F, plants. This method has 
proved to be definitely superior to the method of classify- 
ing the F, material directly, since so many characters 
exhibit such an intermediate appearance in the F, that 
it is impossible to classify all the F, plants correctly. 

The F; progeny rows were spaced 1 foot apart with a 
space between kernels of 2 to 3 inches. After each tenth 

1 Contribution from Department of Agronomy, Utah Agricultural Experi- 
ment Station. Publication authorized by Director, August 8, 1931. 

2Former agronomist; now senior ecologist, Intermountain Forest and 
Range Experiment Station, U. S. Forest Service, Ogden, Utah. 


3 Graduate assistant. 
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row the two parental varieties, Sevier 59 and Ridit, were 
sown side by side. There were, equally spaced through- 
out the breeding plat, 29 rows of each parental variety. 
Data were taken on these parent rows in the same man- 
ner and at the same time as on the progeny rows. 

In 1930, by use of the F; families, the inheritance of 
awnedness, glume color and kernel color was determined 
by observation. <A leading spike from each plant was 
measured to determine the length of ten central rachis 
internodes. A few rows contained less than 40 plants; 
most of them contained more, in which case the data from 
only the first 40 chosen at random were recorded. All, 
however, were examined for kernel color and other char- 
acters determined by observation in order to be sure of 
obtaining representative ratios. 

No theory of inheritance was considered until all data 
were recorded and tabulated. Although the data taken 
on the F, plants were not used in genetic classification, 
they proved valuable in two respects: In the first place, 
the time required for checking the F; rows in the field 
was reduced about 50 per cent. by using these data; and 
secondly, comparison of the F, plant with the F; row 
minimized the possibility of error. 


MATERIAL 


Sevier 59: Sevier 59 is a selection from the variety 
Sevier which was discovered and named by Stewart in 
Sevier County, Utah, in 1918. The spike is short, fully 
awned, and compact but not clubbed. The glumes are 
glabrous, bronze in color and rather stiff. The kernels 
are white, hard and translucent. The straw is short to 
mid-tall and weak, making it easy to lodge. The variety 
is commercially important in Sevier Valley, Utah, where 
it gives good yields and exhibits some resistance to the 
physiological forms of black stem rust that occur there. 

Ridit: Ridit was developed at the Washington Agricul- 
tural Experiment Station from a cross between Turkey 
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and Florence. The head is lax with white, glabrous 
chaff, and short apical awns. The straw is stiff and the 
kernels are red, hard and vitreous with good milling 
quality. The outstanding characteristic of this wheat is 
its resistance to both types and several physiological 
races of bunt smut. 

A summary of the contrasting parental characters is 
presented in Table 1. 


TABLE 1 
SUMMARY OF THE CONTRASTING PARENT CHARACTERS 


Character Ridit Sevier 59 


Glume color White Bronze 

Kernel color Red White 

Awnedness Short apical awns Fully awned 

Spike density Lax (10 intern. about Mid-dense (10 intern. 
45 mm) about 34 mm) 

Smut resistance Highly resistant Susceptible 

Stiffness of straw Rather stiff Extremely weak 


Typical parent spikes and a head taken from the F, 
generation are shown in Fig. 1. 


Fig. 1. Spikes of the two parents, Ridit and Sevier 59, and of the F, 
generation. The spike density of the F, is almost identical with 
Sevier 59, the more dense parent. 


No. 
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EXPERIMENTAL RESULTS AND THEIR INTERPRETATION 


The breeding behavior of every F; row was summar- 
ized and placed in a table for use in this study. 

The character of spike density involved measurements 
for about 40 plants in each F; progeny row. From these 
measurements, means, length of 10 rachis internodes, 
standard deviations and coefficients of variability were 
calculated. Comparisons of these biometrical constants 
made it possible to segregate the progenies into two 
homozygous and one heterozygous group for spike den- 
sity. In the biometrical studies the mean value of the 
plants in each F; row was used, this being considered 
more accurate than a single figure from one F, plant. 

In the present study the F, resembled rather closely 
the Sevier parent in density. In the F, segregation sev- 
eral degrees of spike density were observed, some plants 
having more lax spikes than Ridit and others having 
much denser ones than Sevier 59. 

The parental rows of Ridit had an average spike den- 
sity of 44.58 mm and showed coefficients of variability 
ranging from 3.8 per cent. to 6 per cent., with a mean of 
4.73 per cent. The parental rows of Sevier 59 had an 
average spike density of 33.9 mm, and the coefficients of 
variability ranged from 4.4 per cent. to 8.7 per cent., with 
a mean C.V. of 5.78 per cent. 

The mean length of ten internodes of all the homo- 
zygous dense rows was 23.6 mm, and the coefficients of 
variability in this group ranged from 5.4 per cent. to 16.2 
per cent., the mean C.V. being 10.5 per cent. The homo- 
zygous lax progenies averaged 52.83 mm for length of 
ten internodes and showed a mean C.V. of 6.67 per cent. 
The heterozygous rows showed coefficients of variability 
ranging from 22 per cent. to 40.8 per cent., with a mean 
of 30.7 per cent. Only one of the heterozygous progenies 
had a C.V. as low as 22 per cent., and few were below 27 
per cent. 

This method of spike density classification showed the 
three segregating groups in a clear-cut manner. The 
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mean spike density classes and the coefficient of varia- 
bility (C.V.) classes of the parent rows and of the three 
segregating groups are shown in Table 2. 

In Fig. 2 the spike density curves of the Ridit and 
Sevier parents, together with the curves for the three 
groups of F; progenies, are shown graphically. 


90 
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Fig. 2. Spike density curves of Ridit and Sevier 59, parents, and of three 


progeny groups: Homozygous dense, Heterozygous, and 
Homozygous lax. 
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Fig. 3 shows the rachis and spikes from parents and 
progeny of the Ridit < Sevier 59 cross. 

The mean coefficients of variability were greater for 
each of the two true-breeding F; progeny groups than 
for either of the two parents. In comparing the varia- 
bility of the homozygous dense with the homozygous lax 
it was found that the homozygous lax group showed 
much less variability than the homozygous dense rows; 
it was also shown that Ridit was less variable than 
Sevier 59, possibly due to the greater mean length. The 
coefficient of variability of the least variable hetero- 
zygous progeny exceeds that of the most variable homo- 
zygous progeny in every case. 


----- Ridit. 
| 
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Fic. 3. Spikes and rachises of the two parents, Ridit and Sevier 59, and 
of the three progeny groups: A—homozygous lax, B—heterozygous, and 
C—homozygous dense. Inspection reveals that the lax progenies are more 
lax than Ridit and the dense progenies more dense than Sevier 59. 


When counts were made of the F; progenies in each of 
the three groups, it was found that there were 66 homo- 
zygous for lax spikes, 164 heterozygous and 69 homo- 
zygous for dense spikes. Table 3 gives the calculation 
for closeness of fit on a one-factor difference for spike 
density. 

This value of P (.242) indicates that the probability is 
very great that the proposed one-factor hypothesis is 
essentially correct. 

There are several considerations, however, which lend 
to the belief that there are also minor factors involved in 
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TABLE 3 


CLOSENESS OF Fit oF THREE GROUPS OF F, FAMILIES COMPARED TO A 1: 2:1 
RATIO 


Spike density Observed Calculated (O-C)2 
group value (O) value (C) 


Homozygous dense 74.75 
Heterozygous ........... 149.50 
Homozygous lax ... 74.75 


X? = 2.873 


the expression of spike density in this cross. In the first 
place, the homozygous dense progeny were without ex- 
ception more dense than the dense parent. That this was 
a real difference in the length of ten internodes was 9.2 
times the probable error. This is shown in Table 4 where 
the more dense parent (Sevier 59) is compared with the 
dense homozygous progenies and the more lax parent 
(Ridit) is compared with the lax progenies. 


TABLE 4 


MEAN SPIKE DENSITY OF PARENTS COMPARED WITH Homozyaous SEGREGA- 
TION GROUPS TO SHOW TRANSGRESSIVE SEGREGATION 


No. of |§_Mean length of 


rows 10 internodes Difference/P.E. 


Sevier 59 29 33.9 + 0.73 
Homozygous dense progenies 23.6 = 0.85 9.2 


Difference 1.52 


Ridit 44.56 + .602 
Homozygous lax progenies 52.83 += .544 


Difference 8.25 + .107 


The odds are more than a billion to 1 that there is a 
significant difference. The lax group also showed a far 
greater degree of laxness than the lax parent (Ridit). 
The odds are more than 500,000 to 1 that there is a real 
difference. 

The spike density of Sevier was not recovered at all in 
the F; and that of Ridit only in one case. Since there 


5.75 33.06 442 
14.5 210.25 1.407 
8.75 76.56 1.024 | 
P=.242 
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were 299 F; families, the number of segregates breeding 
true to either one of the parents is so small that it is clear 
that some minor factors are involved. This is further 
borne out by a comparison of the spike density ranges of 
the parents and F; progeny. A summary of the range of 
densities is given in Table 5. 


TABLE 5 


THE RANGE OF MEAN SPIKE DENSITIES AND THE MEAN OF MEAN SPIKE 
DENSITIES OF RIDIT AND SEVIER 59 AND OF THREE GROUPS OF F, 
FAMILIES. ALSO COEFFICIENTS OF VARIABILITY (C.V.) OF 
MEAN SPINE DENSITIES FOR ALL GROUPS 


Parent or Range of Mean C. V. of mean 
segregate spike densities spike density spike density 


44.538 mm. 4.73 
Homozygous dense 19.2 — 28.3 23.6 mm. 10.5 
Heterozygous 26.7 — 46.7 34.75 mm. 30.7 
Homozygous lax. ............. . 46.6-58.6 52.83 mm. 6.67 


On an average, the variability of the means of homo- 
zygous F; families is about twice as great as that of the 
29 parent rows. This, added to the fact that there is a 
series of steps throughout the range of variation, points 
to one or more minor factors which modify the expres- 
sion of the one major factor for spike density. 

As yet no genetic hypothesis has been advanced that 
will explain the fact of wide transgressive segregation in 
both directions and still account for the infrequent re- 
covery of the spike density of the parents. 


Sor. HETEROGENEITY 


A study was made of the soil heterogeneity of the ex- 
perimental plat. The Harris (2) method was used in this 
study and as the 29 pairs of parent rows were grown side 
by side at regular intervals throughout the plat, they 
were used as the basis. 

The contiguous rows received identical treatment and 
the extent of fluctuation due to environment was deter- 
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mined by a correlation study between the spike density 
measurements of the Ridit and the Sevier 59 parents. 
According to Harris, this correlation coefficient measures 
the degree to which nearby plats or rows are different 
and allows a comparison of soil heterogeneity. The coeffi- 
cient will be in proportion to the soil heterogeneity, that 
is, the larger the positive value of r the greater the de- 
gree of soil heterogeneity. 

In this case the coefficient of correlation was +.29 +.11. 


When the value of r is changed to per cent. by the for- 
2 


mula V = 100 V3), (V = variation in per cent.), it 
is found that there is 5 per cent. variability. This indi- 
cates that only a small part of the variation in this ex- 
periment was due to soil heterogeneity. Such small 
environmental influence on the character studied adds 
much to the validity of the conclusion that spike density 
segregation was transgressive and otherwise peculiar. 
Each F; plant was classified by inspection for glume 
color and the breeding behavior of the rows was thus 
determined. Of the 299 progeny rows, 77 bred true for 
bronze chaff; 75 bred true for white chaff; and 147 seg- 
regated. These numbers suggest a 1:2:1 ratio or a 
one-factor difference for color of glumes. A comparison 
of this hypothesis with the actual count is made in 


Table 6. 
TABLE 6 


GOODNESS OF FiT OF THREE GROUPS OF F; PROGENIES FOR GLUME COLOR 
CoMPARED TO A 1: 2:1 Ratio 


Observed Calculated (O-C)2 
Progeny group yalue(O) value (C) (O-C)2 5) 


Homozygous bronze 74.75 5.06 .067 
Heterozygous 147 149.50 6.25 041 
Homozygous white .. 75 74.75 : .06 .003 


This value of P (0.93) indicates that a worse fit might 
be expected in 93 cases out of 100, due to chance alone. 


P = 9256 
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There seems little doubt regarding there being a one- 
factor difference for glume color. 

The F, plants had lighter colored glumes than Sevier 
and were darker than Ridit; also, in the F, and F; gen- 
erations there were degrees of bronzeness which varied 
from the dark bronze color of Sevier to shades so light 
as to be almost indistinguishable from plants classed as 
white. These two facts suggest an incomplete domi- 
nance of the factors for bronzeness, although the ratios 
seem to prove the dominance of the bronze color. 


IXERNEL CoLor 


In the cross here reported, red kernel color proved 
dominant in the F,. Twenty-one of the 299 progenies 
studied in this cross produced white kernels in the F;. 
This is 7 per cent. of the total. The »maining 278 plants, 
or 93 per cent., produced red kernels. Minute examina- 
tion of red kernels from a large number of plants dis- 
closed no significant difference in the degree of redness, 
although Hayes and Garber (3) report that the factors 
for kernel color are often cumulative and that two factors 
will give a darker color than will one of the factors alone. 

The percentages of red and white kernels suggested a 
two-factor difference for this character. The breeding 
behavior in the F; established this hypothesis. All the 
white-kerneled plants bred true in the F3, while the re- 
maining 278 showed the following breeding behavior: 

141 plants bred true for red kernels 


67 segregated in the ratio of 3 red: 1 white 
70 segregated in the ratio of 15 red: 1 white 


On the basis of a two-factor difference for kernel color it 
was calculated that each 16 plants should breed as fol- 
lows: 


Breeding true for red grain 
Segregating 15 red: 1 white 
Segregating 3 red: 1 white 
Breeding true for white grain 


Total 
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When this theoretical expectation was compared to the 
actual data, a fairly close fit was observed. The group 
breeding true for red grain numbered about 7 per cent. 
more than was calculated, while the two segregating 
groups were each a little smaller than was expected. 
The true-breeding white-kerneled plants approached ex- 
tremely close to expectations. Seven of the segregating 
groups were on the border between 3:1 ratios and 15:1 
ratios; in the final grouping of data (given above) it was 
decided, therefore, to put three of these groups in the 3:1 
class and the other four in the 15:1 class. If any of the 
ratios were seriously affected by these seven doubtful 
progenies, an F, could be grown and its breeding beha- 
vior would eliminate the doubt in this classification. Out- 
side of these seven groups, no difficulty was experienced 
in classification of kernel color as all of the other 299 
progenies presented clear-cut breeding behavior. The 
two-factor hypothesis suggested to explain this breeding 
behavior was made the basis of the closeness of fit com- 
parison in Table 7. 

TABLE 7 


CLOSENESS OF FIT OF Four GROUPS OF F'; PROGENIES ON A Two FACTOR 
DIFFERENCE IN THE PARENTS FOR KERNEL COLOR, COMPARED 
WITH A7: 4: 4: 1 RATIO 


Observed Calculated (O-C)2 
Progeny group value (O) value (C) O-C (O-C)2 —y— 


Homozygous red grain 141 131 10 100 
Segregating 

3 red: 1 white 58.4 
Segregating 

15 red: 1 white 
Homozygous white grain 21 


x=2.13 


AWNEDNESS 


The awns were classified according to appearance into 
three groups, which were known merely as awns 2, 3 or 4. 
Those plants in the awn 2 class bore short beaks along 


.76 
9 
6 .306 
P =.5687 
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the side of the spike with partial awn development at its 
apical part. These plants resembled the Ridit parent. 
Those in awn class 4 were fully awned and bore awns 
corresponding to those on the Sevier parent. The plants 
in awn class 3 were intermediate in their awn develop- 
ment, were considerably longer than those of class 2, and 
short awns were found as far as half way down the spike. 
In this case the apical awns were considerably longer 
than those of awn class 2 and generally rather long awns 
could be found over all the apical half of the spike. It 
resembled the awn development on the F, plants. 


Fig. 4. The three awn class groups: Awn class 4, homozygous fully 
awned similar to the Sevier parent; awn class 2, homozygous awn- 
tipped similar to Ridit; and awn class 2 which is heterozygous. 


PHB Y 

pip 
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The awn types of the parents and also of the F, are 
shown in Fig. 4. Fig. 2 shows several plants of each of 
the three awn classes recovered in the F'; generation. 

All the F, plants which were classed as having awns 4 
bred true in F,, but it was impossible in the F, to dis- 
tinguish between the plants which had strong awns 2 and 
those which had awns 3. The F3, however, clearly sepa- 
rated these two groups. In taking the data on the F; 
progenies, clear-cut cases of segregation could be seen, 
and these groups were easily classified. 

When the 299 F; progenies were studied as a basis for 
the genotypic classification of the F, plants, it was found 
that 68 rows were breeding true for awn class 4; 150 
rows were segregating for all three awn classes. There 
was great variation in the awn types of these segregating 
rows. The remaining 81 rows bred true for awns class 2. 
This classification approaches a 1:2:1 ratio and sug- 
gests a one-factor difference. 

The goodness of fit between the observed data and the 


calculated frequencies is presented in Table 8. 


TABLE 8 
GOODNESS OF Fit oF 3 AWN GENOTYPE CLASSES OF THE F', PROGENIES 
WHEN COMPARED WITH 1: 2: 1 RATIO WHICH WOULD THEORETI- 
CALLY BE OBTAINED IN THE SEGREGATION OF A ONE 
Factor DIFFERENCE 


Observed Calculated (O-C)2 
Progeny group value (O) value (C) (O-C)2 3 


Homozygous awns 4 74.75 I 45.56 .6100 
Heterozygous 149.50 25 .0016 
Homozygous awns 2 81 74.75 : 39.06 5225 


X?=1.134 P=.5755 


On the basis of 3 awn classes, X?= 1.134 and P is .5755, 
a rather close fit; in fact a worse fit would be expected in 
08 out of 100 cases, due to chance alone. 


SUMMARY 


Spike density exhibited peculiar inheritance. Three 
groups were found in the F; progenies in numbers which 
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suggested a 1:2:1 ratio, with a goodness of fit as indi- 
cated by P=.242. The homozygous dense progenies 
transgressed the range of the dense parent in mean spike 
density and the homozygous lax progenies transgressed 
the range of the lax parent, by odds of millions to 1 that 
the transgression is significant. The dense parent is not 
recovered in a single progeny and the lax parent in very 
few. The range of densities of the heterozygous prog- 
enies covers completely the range of the denser parent. 
There seem to be one or more minor factors present in 
the inheritance of spike density. 

A one-factor difference, suggested as the basis for 
glume color inheritance, gave, when compared to a1: 2:1 
ratio, a P of .93. 

Kernel color was inherited on the basis of a two-factor 
difference. When the breeding behavior in F; was com- 
pared to that expected from a two-factor difference, a 
fairly close fit (of P = .57) was obtained. Close scrutiny 
of the red kernels failed to reveal any cumulative effect 
of the factors for red grain. 

Awnedness was found to be inherited on the basis of a 
single-factor difference. The numbers expected on the 
basis of a 1:2:1 ratio fit the observed numbers closely, 
as indicated by P =.58. 
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HOMOGAMY IN THE TOAD 


RAYMOND R. WILLOUGHBY AND CHARLES M. POMERAT 
CLARK UNIVERSITY 


Homocamy is of some importance for the theory of 
evolution; for it is one of three necessary conditions for 
species differentiation, the others being variation and 
inheritance. That is, if differentiation is to occur, devi- 
ates must first arise; they must mate with similar 
deviates; and they must transmit the deviation to their 
descendants. In the absence of the second step (homog- 
amy) the deviation must soon disappear by averaging 
back into the population. The degree of homogamy is of 
consequence only in connection with time; a homogamy 
(correlation) coefficient of .1, if real, is of as much theo- 
retical import as one of .9. 

The first quantitative study of homogamy was Pear- 
son’s result on eye color in man, published in 1900 (19) ; 
it yielded a coefficient of .26 + .03.7. In 1903 appeared 
Pearson and Lee’s coefficients of .28 + .02 for stature, 
.20 + .02 for span, and .20 + .02 for left forearm (20); 
Boas’ coefficient of .15 + .10 for cephalic index (2); and 
a cooperative study presumably inspired by Pearson 
yielding coefficients for longevity in three English popu- 
lations of .22 + .02, .25 + .02, and .20 + .02 (1). Lutz, in 
1905, determined the coefficient for age as .76 + .006 (16). 
Pope, Goring and Elderton, in 1908 and 1909 (6, 10, 22), 
found coefficients for tubercular infection of .32 + .003, 
30 + .04, .16 + .03, and .01 + .025, with some evidence 
that the homogamy is greater in the superior social 
groups; in addition, Goring found a coefficient for free- 
dom from constitutional disease of .11 + .03, and Elder- 
ton one for general health of .27 (probably + .04). Har- 
ris, in 1912, recalculated data due to Galton and arrived 
at a contingency coefficient of .34 for hair color (11). 


1 Contingency; .10 + .04 by product-moment method. 
223 
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Williams, Bell and Pearson, in 1914 (26), found a coef- 
ficient of .14 + .016. Willoughby (unpublished data) has 
found coefficients for number of siblings of from .36 for 
parents of college students to traces in eighteenth-century 
populations. The average of these coefficients for physi- 
cal characters is .24. 

For behavior characteristics, seventeen coefficients of 
contingency and tetrachoric coefficients of correlation, 
derived from rated attributes by Woods (28), Elderton 
(6), Schuster and Elderton (23), and Goring (10), aver- 
‘age .27. This value is probably spuriously low, due to 
the unreliability of ratings, for Burks (3) Freeman e¢ al. 
(8), Jones (14) and Willoughby (27), publishing in 1928, 
derived the values .44, .47, .57, .61 and .62 for ability as 
measured by standardized intelligence tests. These, 
however, are characteristics of a different order from the 
physical measures heretofore considered. Jones (13) 
has usefully summarized the literature on homogamy in 
man up to 1929. 

The first quantitative observation on homogamy in 
infra-human animals was that by Tower in 1906 (25), on 
the potato beetle Leptinotarsa; the measurement used 
was apparently elytron length, and the animals seem to 
have been grouped into size classes instead of measured; 
further, the results are reported in terms of the per- 
centage of each size class of males mating with each size 
class of females. They have been recaleulated by the 
present writers on the basis of reasonable assumptions, 
and yield a product-moment coefficient of .89 + .01; 
Tower infers, we believe wrongly, that the population is 
therefore tending constantly toward mediocrity. In the 
same year Kellogg (15) published information on the 
number of spots on pairs of the lady-bird beetle Hippo- 
damia, from which he concluded without analysis that 
there was no homogamy; Pearl, in a bibliography anno- 
tation (18), also without analysis, remarked that this 
conclusion was in direct contradiction to the facts pre- 
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sented. On the somewhat doubtful assumption that the 
number of spots may be taken as a continuous variate in 
the statistical sense, and using a symmetrical table to 
allow for the fact that the data reported do not distin- 
guish the sexes, the coefficient works out at .32 + .08. 
Pearl, in 1907 (17), published the results of an exhaustive 
study of Paramecium, giving coefficients averaging .61 
for length, .30 for breadth, and .43 for index (breadth/ 
length), with cross-coefficients averaging .11 (all + about 
04); and these results were confirmed by Jennings (12) 
in 1911, with coefficients for length averaging .38 + .04 
for wild cultures, .94 + .01 for cultures containing two 
species of different sizes, .25 + .05 for pure races, and 
for breadth (wild cultures) averaging .33 + .03. En- 
riques (7), working with Chilodon uncinatus, found a 
zero coefficient for the early stages of conjugation and 
one of .40 for the later stages. Crozier (4) working in 
1918 with Chromodoris zebra, a nudibranchiate gastro- 
pod, found a correlation for total length of .61 + .02, one 
of .52 + .05 for mantle length, one of .14 + .08 for vol- 
ume, using pairs which had copulated in the field; and 
a total length correlation of .72 + .02 for pairs formed in 
the laboratory (original matings) ; repetition of the lat- 
ter experiment with specimens’ collected eight months 
later gave a correlation of .97 + .01. Crozier and Snyder 
(5) found for length in the amphipod Gammarus locusta 
a coefficient of .91+.01, and for the related species 
Dikerogammarus fasciatus .69 + .04 (the former coeffi- 
cient was reported in a preliminary paper, evidently on 
the same material (24), as 80 + .03). The present inves- 
tigation is the next in temporal order, and represents the 
first investigation in an infra-human vertebrate. Valu- 
able theoretical material may be found in a paper by 
Wright (29), as well as in several of the references cited 
for factual findings. 

The material of the present study comprises 86 pairs 
of Bufo americanus, captured in amplexus in the various 


* Nineteen pairs. 
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breeding pools near Clark University during the two 
weeks beginning April 22, 1931. They were transported 
to the laboratory (where the temperature was a little 
higher than in the field), retained until it was convenient 
to measure them, measured and ‘‘banded’’ with linen 
thread and beads, retained a few more days (perhaps an 
average of a week in all), and liberated. Most of the 
eggs were extruded during retention in the laboratory, 
and frequent remating occurred; in all but a few cases 
the homogamy measured is that between the pairs 
formed in the field, but there is of course no guarantee 
that this was the first mating of the season. There were 
fewer rematings in a clean tank than in one with soil and 
vegetation. Eight pairs were lost by separating before 
being banded or measured, or by losing the bands; the 
measurements of the still banded member were used in 
the self-correlations. 

Four measurements were taken on each animal: jaw 
width at the widest point (J); length of the extended left 
leg from dorsal margin of the cloacal orifice to tip of 
middle toe (L); distance between the lateral margins of 
the iliac crests (‘‘sacral humps’’ of some writers) (8S); 
and distance from tip of urostyle to anterior margin of 
left iliac crest (U). In case of obvious pathology in the 
left leg, the right was measured and the result used in- 
discriminately in the computations. All measurements 
were made by the same person (C. M. P.)* with a me- 
chanic’s outside caliper with rounded points, and read 

3 There were four females and one male with broken left toes, and one 
male with seven toes on the left foot; one female had a neoplasm in the 
throat region; one female had an injury to. the left side of the pelvis, and 
one male had a fragment (evidently resorbed) broken from the urostyle, 
so that the remainder, 17 mm long, ended in a sharp point; three males 
had the left eye hemorrhagic, and of these one was unable to open the 
nictitating membrane; one female had a right eye very much reduced in 
size, and one male had no left iris. 

4 For indispensable assistance in the measuring, under trying conditions, 


indebtedness is gratefully acknowledged to Messrs. David Potter, George 
McCabe and William Snape. 
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against a celluloid millimeter scale fixed to the table (due 
precautions being taken to avoid parallax error, and most 
of the readings being checked by a second reader) ; the 
leg measurement was made with the scale directly. The 
measurements were recorded in millimeters, and the esti- 
mations were made to the nearest .5 mm. 

The distributions of direct measures are as follows 
(index is lower limit of class throughout) : 


2 23 24 25 26 27 28 29 30 31 32 33 N M of V 
5 12 16 11 1 92 22.66 1.65 7.3 
5 9 91512 912 6 2 3 1 88 26.81 2.68 10.0 


du /oa= 12.4 d,/oa= 4.4 


8 82 86 90 94 98 102 106 110 114 N M o V 
71512 7 & 1 92 81.42 7.39 9.1 
913191316 6 2 1 1 1 88 89.07 8.25 9.2 


dy /oa = 20.6 d,/oa = 3.26 


47 
22 
5 


3 14 15 16 17 18 19 20 21 22 23 24 N M o 
9331918 9 2 1 92 15.11 1.31 
5 


712152014 8 3 111 88 17.84 1.94 
d,,/og=11.1 d,/o4=3.6 


21 22 23 24 25 26 27 28 29 30 31 32 33 37) ON M 
1 3 919 151213 10 6 91 22.91 
1 14 2 910161311 6 8 411 1 88 26.88 


d,,/o, = 10.9 d,/o,= 2.5 


It is evident that the females are significantly larger 
and more variable than the males. Occasional sex differ- 
ences also appear in the morphological indices formed by 
dividing each measure by the others (decimal points have 
been omitted) : 


J/L 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325335 N M 
m 383 18 9 816 912 9 8 8 21 92 280 
f 42 4 1 6 811171110 5 4 3 2 88 301 


d,,/64 = 9.4 d,/o,=0 


JS 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 N 
m 11 1 3 15 14 3016 7 211 92 
f 1 61218 2 8 8 1 8 1 87 

d,/o4=2.3 


J 19 20 21 2 
m 1 3 
L 66 70 7 
m 
f 2 
V 
m 8.7 
U 1 o V 
m 2.08 9.1 
f 2.74 10.2 
o V 
15 5.2 
15 5.1 
Mo V 
151 8 5.5 
15k 9 5.7 
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2 106 110 114 118 122 N 
2 91 
0 i 1 88 

d,/o,=0 


2 
2 
=0 


dy 


L/S 410 430 450 470 490 510 530 550 570 590 610 N M 
m 1 4 5 27 26 15 9 4 1 92 540 
f 3 7 16 34 1 9 4 88 500 


dy = 9.3 d,/64 
L/U 280 290 300 310 320 330 340 350 360 370 380 390 400 410 N 


m o 426 30 46 36 6 2 3 
f 4 10 14 13 22 20 8 2 2 2 1 88 


dy,/o4 = 7.0 d,/o,=0.8 
S/U 540 560 580 600 620 640 660 680 700 720 740 760 780 N M 


m 38 14 49 15 9 4 2 1 89 662 
2 44 12 2 4 1 86 662 


ds: /oa= 9 d,/o6a= 9.5 


The correlation between different measures of the 
same individual may be called organic correlation or self- 
correlation. The following table presents the male self- 
correlations in the upper half and the female in the 
lower ;° a regular hierarchy exists, and the table has been 
arranged to show it: 

L U 
63 


73 M 
M 


89 73 
83 


The critical ratios (d/os) for the sex differences between 
corresponding coefficients range from 1.7 to 2.7, and are 
therefore barely significant, as they stand. It is possible, 
moreover, that the superiority of the female correlations 
may be due to the greater variability involved. The 
usual formula for correction for range 
v1-R 
vi-r 
5 All seattergrams encountered showed sensibly rectilinear regression, and 
all correlations are accordingly of the product-moment variety. The prob- 


able errors are .07 for all coefficients up to .32; .06 up to .49; .05 up to .62; 


.04 up to .72; .03 up to .81; .02 up to .89; and .01 up to .96. 
¢ 
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J/U 82 86 90 94 98 10 M o v 
; m 2 511 15 18 100 32 32 
f 1 3 8 21 18 100 32 32 
31 5.7 
27 5.4 
M o V 
332 22 66 
39 5.9 
L 95 vi 
86 
U 82 
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assumes (since it was derived for use in connection with 
reliability) that the standard deviations for test and re- 
test in the same population are equal, and designates 
them oc and 2 for the populations with small and large 
variabilities, respectively. The analogous situation 
(equality of standard deviations for, say, J and L in the 
female) does not exist here; but an approximation may 
be made by using for o the product of the two standard 
deviations concerned for the male, and for & the corre- 
sponding product for the female. On this basis, and pre- 
dicting the female self-correlation from the male, we find 
the following estimated values: 


& 
L 94 Average superiority to 
985 obtained values, .05. 
U «8893 
It therefore appears that the difference between male 
and female self-correlation must be ascribed wholly to 
the differences in variability. 

The tetrad differences are of the order of one fifth 
their probable errors, indicating a general factor; but 
this is evidently merely the size of the animal. 

Very slight self-correlation exists in the morphological 
indices; the male coefficient for the indices J/S-L/U is 
.07 and the female .14, probably chance values. 

Cross-correlations are correlations between one mea- 
sure in the male and another in the female; they may 
thus be looked upon as additional measurements of ho- 
mogamy, or, conversely, homogamy may be considered a 
special case of cross-correlation. Both are accordingly 
presented in the same table: 


m 
J Ss L U 
44 31 31 .25 
40 .27 .20 
29 6.20 .18 


Homogamy to the extent of about .3 is therefore defi- 
nitely established in the animal studied. 


) 
J 
M, =.29 
L 
U 
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Homogamy in the indices, however, is as definitely 
non-existent with the exception of one doubtful case; the 
simple homogamy coefficients are: 


J/L 19 L/U .04 
.01 L/S -.07 s/U -.01 


It may be concluded that so far as is indicated in the 
measures studied, homogamy is a function of size, not 
form. . 

Remating was frequent in the laboratory; while a 
strictly systematic survey was not made, check-ups at 
convenient periods showed 32 males and 30 females in- 
volved in 37 rematings. Five of the males remated 
twice; five of the females remated twice, and one three 
times; in one case a male was found clasped about an- 
other male, which in turn clasped a female. Homogamy 
coefficients for this remated sub-population were much 
reduced, although it should be observed that the numbers 
are small and that this is the severest possible test of the 
stability of the values in remating: 


J 
U4 


These are the values for males with their lowest num- 
bered (7.e., random, the numbering being in order of cap- 
ture and measurement) remates; the coefficients for 
females with their remates differ inconsiderably. It is 
believed that the attenuation is due principally to the 
laboratory conditions of changed temperature and sub- 
stratum, congestion and manipulation. 

It has been established, then, that homogamy repre- 
sented by a coefficient of about .3 exists in the toad, and 
that this homogamy is based upon size rather than form; 
that the animals are very highly self-correlated ; that re- 
mating occurs under laboratory conditions, but homog- 
amy is much reduced therein; and that there are marked 
sex differences in size, form and variability, the female 
being the larger and more variable. 
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The results of the principal investigation, that on 
homogamy, are in line with those from the only other 
vertebrate upon which data have been gathered—man— 
but (if physical traits alone be considered) slightly 
higher ; and they are in contrast, as are the human data, 
to the results for invertebrates, which in turn are ap- 
proximately consistent among themselves. The investi- 
gators of invertebrate homogamy are of the practically 
unanimous opinion that in the forms investigated by 
them the phenomenon is closely conditioned by the physi- 
cal impossibility of copulation between animals widely 
divergent in size; this is particularly the case where the 
species is hermaphroditic (Chromodoris) or where for 
any other reason more than one point is involved (Para- 
mecium, Gammarus), or where, only one point being in- 
volved, the apposed reproductive structures at that point 
are relatively inflexible (Leptinotarsa). The principal 
reason for the reduction of the coefficient in the two ver- 
tebrates examined is therefore the removal of these limi- 
tations, by the fact that the structures concerned are 
indefinitely flexible in man and that there is no intromis- 
sion at all in the toad. 

Why any degree of homogamy should remain is, how- 
ever, still a problem. The existence of self-correlation 
explains adequately why structures remote from repro- 
ductive functioning (as forearm length in man) may 
show appreciable homogamy; nevertheless some struc- 
ture or complex of structures must be sexually selected. 
In man some psychic (not necessarily conscious) basis 
appears to be the most promising hypothesis; for exam- 
ple, it seems likely that selection may be partly condi- 
tioned upon the heterosexual parent pattern, so that the 
mate resembles the parent because so selected, the selec- 
tor resembles the parent by inheritance, and resemblance 
between selector and mate follows by the familiar Eu- 
clidean axiom. But this is hardly plausible for the toad. 

Clinically, there appeared to be in our series an asso- 
ciation between size, roughness, fatness, sluggishness, 


232 THE AMERICAN NATURALIST [ Vou. LXVI 


intensitivity and possible color—a complex suggesting 
age differences. It therefore seems possible that mo- 
bility may be a factor; young females would be caught 
only by young males, old males would catch only old 
females, young males would catch all females indiscrimi- 
nately, and old females would be caught by all males 
indiscriminately—a set-up which, a priori, seems adapted 
to bring about a low positive correlation. The next most 
promising hypothesis would seem to be a tactual or 
chemical one; and no doubt a very instructive result 
could be secured from the study of homogamy in, say, 
the stickleback, where mating, although definite, involves 
no physical contact whatever. 

From the relative size of the homogamy coefficients in 
vertebrates and invertebrates it would appear to follow 
that the latter are forming sub-groups, at least with 
respect to size (Tower asserts, without offering evidence, 
that homogamy in color is absent in Leptinotarsa), much 
more rapidly than the former. This may be true; we 
have very little accurate knowledge of differentiation 
rates, but the enormous species frequency among, say, 
the Coleoptera, as compared with vertebrate groups of 
the same rank, would afford inferential evidence. Even 
though it be untrue in specific cases, however, the correct 
inference is probably that the effect of homogamy has 
been overridden by that of environmental selection; 
Fisher indicates in a recent work (9), for instance, that 
in many species the mean may be so delicately adjusted 
to the ‘‘niche’’ that considerable fluctuations either way 
are immediately wiped out; homogamy in such a case 
would have the effect of hastening the extermination of 
deviates, and no sub-groups would be formed unless a 
new niche developed. A third possibility, unexplored 
but highly significant, may be mentioned: Pearson has 
found that in man homogamy in stature is positively, but 
homogamy in eye color negatively, correlated with fer- 
tility. It is possible, then, that homogamy may work for 
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or against not only differentiation but survival, accord- 
ing to the trends coincident with it and the trait in which 
it occurs. 
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A BIOLOGICAL STUDY OF A TEMPORARY POND 
IN WESTERN CANADA 


ALAN MOZLEY 
UNIVERSITY OF MANITOBA AND JOHNS HOPKINS UNIVERSITY 


INTRODUCTION 


THIs paper comprises part of the results of three years 
of field work (1925-27) on a temporary pond near Win- 
nipeg, Manitoba, Canada. The term ‘‘temporary pond’’ 
is used with reference to small depressions in which 
water from the melting snows and spring rains collects 
and persists through the months of April, May and a 
part of June. Such ponds are characterized by having a 
relatively short period of submersion followed by pro- 
gressively drier conditions and subject to low tempera- 
tures during the winter. Perhaps the most character- 
istic of the animals present is the phyllopod, Eubranchi- 
pus gelidus, the eggs of which require to be dried and 
subsequently frozen before they will hatch. As has been 
pointed out by Shelford (9) there is an extremely inter- 
esting seasonal succession in habitats such as this, in- 
volving very marked adaptation in the life histories of 
certain forms in adjustment to the peculiarities of the 
climatic cycle. No systematic study has ever been made 
of a pond of this kind in North America’ and Shelford’s 
paper (9) deals with an Illinois pond in which there was 
some water permanently, although there was a ‘‘tem- 
porary’’ area surrounding it. The present study, al- 
though far from complete, may therefore be of interest. 
During the spring and early summer of the years 1925, 
1926 and 1927 the pond near Winnipeg was visited at 
least once each week and collections made. Casual obser- 
vations had been made for some years previous to this. 
A certain amount of information relating to the physical 
and chemical conditions in the pond was collected but is 


1 Incidental reference has been made to ponds of this type in a number of 
papers, among which are those of Jewell (3) and Dexter (2). 
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reserved for a future paper after further observations 
have been made. 

I should like to express my thanks for the assistance of 
certain specialists in determining a part of the collec- 
tions. Those who have given especially valuable aid are 
the following: Dr. Ruth Marshall (Acarina); Dr. Chas. 
H. O’Donoghue (Bryozoa); Dr. J. W. Folsom (Collem- 
bola); Dr. Perey Moore (Hirudinea); Mr. J. B. Wallis 
(Coleoptera); Mr. Clyde L. Patch (Amphibia); Mr. 
Alexander Bajkov (Plankton). I also take great plea- 
sure in acknowledging the help of Professor O’Donoghue 
in other ways, his encouragement having made this work 
possible. 


DESCRIPTION OF THE PonpD 


The pond upon which this work was done is situated 
between Abbottsford and Greenwood Avenues, a few 
hundred yards east of Saint Marys Road, in the munici- 
pality of Saint Vital, Manitoba. Some years ago, during 
a ‘‘boom’’ period in this district a large part of the coun- 
tryside was subdivided and graded roads were built. 
Two of these cut off the extreme ends of a temporary 
pond, the central portion of which was examined during 
the present investigation. For the past five years (from 
1925) or more, no further disturbance has taken place 
and no building operations have come within a quarter 
of a mile of the pond, so that it is still under natural con- 
ditions. Cattle occasionally wander through the pond 
but these may be considered the ecological equivalent of 
the buffalo which formerly inhabited this region. The 
original drainage of the pond is somewhat difficult to de- 
termine but probably never exceeded one mile in area. 
The maximum depth of the pond in the spring is about 
one meter. The water which forms the pond comes from 
two sources, the melting of the snow which accumulates 
during the winter and the spring rains. In this connec- 
tion it may be mentioned that the city of Winnipeg which 
is not far distant has an average annual precipitation of 
twenty-two inches. The moisture conditions, however, 
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vary considerably from year to year. The spring of the 
year 1925 and that of 1927 were rather more moist than 
usual, while that of 1926 was rather dry. 

From the standpoint of distribution, Saint Vital is 
situated within that Forest-Grassland Transition belt 
which Lewis, Dowding and Moss (5) have termed the 
‘‘Parkland.’’ It may also be termed the Poplar Savan- 
nah. This name is applied to the somewhat savannah- 
like country which forms the belt of groves and glades 
which extends from the Manitoba-Minnesota boundary 
near Emerson, Manitoba, to the vicinity of the city of 
Edmonton, Alberta, and southward from that point down 
the foot-hills of the Rocky Mountains as far south as the 
settlement of Pincher Creek, Alberta. In the vicinity of 
the Saint Vital pond, as is the case throughout this re- 
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Generalized diagram of the seasonal distribution of some of the most 
abundant animals in the pond. The relative abundance is indicated in a 
general way by the thickness of the bars. 


gion, the forest cover is composed largely of the poplar 
or trembling aspen (Populus tremuloides Michx.) which 
usually occurs in groves with intervening grassy glades. 
In many places between the poorly drained belt of conif- 
erous forests to the north and east of this point and the 
dry southern and western plains, ponds or ‘‘sloughs’’ 
are to be found which resemble the one which forms the 
basis of this study. In fact this may be regarded as one 
of the characteristic habitats of this region. 
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As is noted below there is a dense growth of herbs on 
the site of the pond after the disappearance of the water. 
During the summer these plants store up food materials, 
die with the coming of the frosts in the autumn and form 
the food of the animals during the following spring. In 
this way the herbaceous plants which grow on the site of 
the pond during the summer form the basis of the com- 
munity, making possible the great abundance of animal 
forms the following spring. Thus in one sense the living 
organisms in this habitat never reach a state of equilib- 
rium although they approach it. That is to say, the or- 
ganisms are not in a state of equilibrium quantitatively, 
in that the relative abundance of the plants as compared 
with that of the phytophagous animals, and these in turn 
relative to the predaceous animals, could not be main- 
tained season after season were it not for the temporary 
nature of the pond. The explanation of this lies in the 
fact that certain plant members of the community are 
able to exist (as a group) for five months or more in each 
year, whereas the phytophagous animals are compelled by 
natural conditions to remain dormant for all but two 
months. Asa result of this there is sufficient food (which 
is the limiting influence as far as relative abundance is 
concerned), for a very large number of the phytophagous 
forms in the spring of each year. The same is also true 
of the predaceous animals. 

In connection with the abundance of life in the pond 
for a short period in the spring of each year it may be 
worth while to note the remarks of Kofoid (4) regarding 
the plankton production of Flag Lake, near the Illinois 
River, in the vicinity of Havanna, Illinois. He states 
that: 


The average plankton production of this lake, or, more properly speaking, 
marsh, . . . exceeds that in the river. ... This greater fertility appears 
not only in the averages but in general throughout most of the seasonal 
changes. Its run-off therefore serves generally to enrich the channel waters. 

The greater production is due to the decay of the abundant vegetation 
which the lake contains, to the absence of tributary water of recent origin, 
to the relative freedom from the general current of outflow ... and conse- 
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quently, to the greater time afforded for breeding an abundant plankton 
in this impounding area. 

The dominance of the abundant vegetation is inimical to large plankton 
production. Other things being equal, plankton production is greater 
when the relative occupancy of the water by vegetation is decreased. 


This is partly true of the Saint Vital pond, the great 
abundance of plankton organisms being the result of the 
decay of the vegetation, the lack of any outlet and the 
relatively high temperature. Pond (7) restricts Kofoid’s 
principle to the non-rooted vegetation and states that the 
abundance of the plankton is in some direct ratio in pro- 
portion to the amount of the rooted vegetation. This 
being the case it is an additional explanation of the abun- 
dance of plankton organisms in the Saint Vital pond for 
a short period in the spring. 

It is interesting in this connection to note that it is the 
practice in the carp ponds of Germany and Czechoslo- 
vakia to drain the pond when the annual production falls 
below a certain point. The following spring a crop of 
oats is sown on the site of the pond and after cutting the 
stubble is not plowed under. The spring following, the 
pond is again filled and carp introduced. The yield of 
the pond is greatly increased by this treatment. It will 
be readily seen that a very similar fertilizing process oc- 
curs under natural conditions in the Saint Vital pond and 
this is undoubtedly an important factor in the production 
of the exceedingly rich fauna, in so far as the number of 
individuals isconcerned. It may be readily seen that this 
has important applications to fish culture and fish-food 
culture. 

The conditions of existence in a habitat of this kind, es- 
pecially in this northerly situation, are extremély rigor- 
ous. The winters are long and quite cold, temperatures 
of 30° to — 35° F. oceurring every winter. Occasionally 
lower temperatures occur, the coldest on record being 
December 24th, 1870, when a temperature of — 58.5° F. 
was recorded in this district. The resting organisms are, 
however, protected by a thick blanket of snow but as the 
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frost penetrates the soil to a depth of seven feet below 
the sod, it will be seen that these forms must be exposed 
to moderately low temperatures. The snow usually be- 
gins to melt during the last days of March, and as a rule 
has disappeared from the woods early in the month of 
April. There is a great deal of variation in the time and 
nature of the thaw in any series of years. In the year 
1926 nearly two weeks of bitterly cold weather succeeded 
the first thaw, with the result that ice of a thickness of 
three inches formed over the surface. This condition is 
shown on the accompanying diagram. In other years the 
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spring thaw sometimes comes suddenly and is succeeded 
by warm weather. With the advent of spring an ex- 
tremely interesting succession of species commences as 
the various organisms hurry through their life histories 
before the drying of the pond, or, as is the case with 
Eubranchipus, before the appearance of their enemies. 
Those which appear very shortly after the melting of the 
snows include the collemboles, molluses and adult beetles. 
The copepod, Cyclops viridis, also appear very early in 
the annual development of the pond. Among those 
which appear sometime later are Lepidurus couesit, Lim- 
netis gouldu, L. mucronatus, Diaptomus leptopus, D. ore- 
gonensis, the Gerridae, Notonecta undulata and Rana 
cantabrigensis cantabrigensts. The date on which the 
pond becomes dry also varies from year to year, depend- 
ing on climatic conditions, but this takes place as a rule 
between the first of June and the latter part of July. 
During the summer months succeeding this, the site of 
the pond becomes exceedingly dry and the soil often be- 
comes parched and cracked. This is succeeded by the 
winter conditions described above. 

It is interesting to note the various ways in which the 
organisms which live in the pond have adapted their life 
cycle to a common end, the maintenance of life during the 
dry period of the pond. This long dormant period of 
nine months or more is undoubtedly a great strain on the 
vitality of the organisms, and is probably one of the im- 
portant limiting influences of the biota of the pond. 
Some forms such as the molluscs and frogs pass the win- 
ter in the adult form, while others, including the algae, 
fungi (Saprolegnia), Entomostraca and many insects 
pass the winter as eggs or spores. Still others, including 
the water boatmen (Corixa), water striders (Gerris) and 
the backswimmers (Notonecta) pass the winter in other 
habitats and migrate into the pond in the spring. 


VEGETATION 


The pond is surrounded by numerous large shrubby 
willows (Salix longifolia Muhl.). Immediately behind 
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these, where the level of the ground rises slightly above 
that of the pond bottom, a thick though rather stunted 
forest is found, consisting largely of the trembling aspen 
(Populus tremuloides Michx.) together with scattered 
oaks (Quercus macrocarpa Michx). Invading the pond 
in company with the willows are species of Rosa and 
Ribes, which have gained a foothold as a result of the 
slightly greater elevation of the central portions of the 
willow clumps. The pond area is devoid of trees and 
shrubs, except in a few places slightly elevated above the 
general level where a few very small willows are found. 
The portion of the pond which is submerged in the 
spring, while without shrubs, supports a large number of 
herbaceous plants, especially during the month of July. 
Among these there appears to be a definite succession, 
from hydrophytic forms, such as Lemna trisulca L., Utri- 
cularia macrorhiza Le Conte, Riccia fluitans (2), and an 
undetermined species of Hypnum in the spring, to more 
or less xerophytic species such as Helenium autumunale, 
and Potentilla anserina later in the year. Thus in the 
spring certain mesophytes develop rapidly under the 
favorable moisture conditions and complete their life 
cycle before or shortly after the drying of the pond. 
These form an interesting parallel with the animals. 
The plants which come within this category include the 
following species, Mentha canadensis (L) Briquet, Ra- 
nunculus sceleratus L., Spirea salicifolia L., Milium effu- 
sum L.?, Glycera pratensis L., Beckmania erucacformis 
(L.) Host, Eleocharis sp., Thalictrum diocium L., Plan- 
tago sp., and Petasites sp. When the water in the pond 
has completely evaporated, certain other plants, which 
thrive under comparatively dry conditions, continue de- 
velopment and flower during the later months. These in- 
clude, Aster paniculatus Lam., Heleniwm autumnale, and 
Potentilla anserina L. 

In connection with the vegetation it may be of interest 
to note the result of Shelford’s work in the neighborhood 
of Chicago. He states (8, p. 174) that, ‘‘In a forest cli- 
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mate when ponds become filled and drained they are oc- 
eupied by forests. In the steppe climate they are occu- 
pied by steppe or prairie. In the forest border area, 
where our studies have been carried on, some ponds when 
filled are occupied by prairies, others by forest. Dr. 
Cowles is of the opinion that ponds with gently sloping 
sides become covered with prairie, while those with steep 
sides become covered with forest.”’ 


ANNOTATED LIST OF THE SPECIES PRESENT 


It has been thought best to include the mention of the 
various species present in the form of an annotated list 
and to reserve the greater part of the information relat- 
ing to the seasonal distribution of the various forms for 
a later paper after additional observations have been 
made. 

Algae 


Becillariaceae 


Stephaodiscus niagareae Ehrbg. 


Mastogloia smithit Twaithes 
Navicula obliquestriata Smith 
Talellaria fenestrata Kutz 
Chlorophyceae 
Closterium botrytis Meneg. 
Spirogyra crassa Kutz 
Tetraspora explanata Kutz 
Stichococcus bacillaris Nageli 
Botrydiopsis eriensis Snow 
Bulbochaetae mirabilis Witt 
Cyanophyceae 
Anabaena flos-aquae Brebison 


Melosira sp. 

Amphora sp. 

Nitzschia heufleriana G. 
Ceratoneis arcus Kutz 


Cosmarium cotrytis Nageli 
Chlamydomonas sp. 
Botryococcus braunit Kutz 
Sphaerococcus sp. 

Ulothrix zonata Kutz 
Apiocystis braunians Kutz 


Nostoc commune Vaucher 


Spirulina major Kutz 


Trachelomonas volvocina Ehrbg. 
Volvox perglobator Powe:s 
Phacus pleuronectes Nitz 


Protozoa 


Eudorina elegans Ehrbg. 
Bursaria sp. 
Difflugiu acuminata Ehrbg. 


Bryozoa 


Fredricella sultana Blumenbach 


This species is not particularly common in the Saint 
Vital pond, but specimens have been collected on a num- 
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ber of occasions. Fredricella sultana has also been found 
in a temporary pond near the crossing of the main line 
of the Canadian National Railways with the ‘‘South- 
western Branch’’ of the Canadian Pacific Railway, a 
short distance west of the city of Winnipeg. 


Hirudinea 


Glossiphonia fusca Castle 


It is interesting to find this soft-bodied animal as an 
inhabitant of a temporary pond. It is quite common, sev- 
eral individuals being collected on each visit almost 
throughout the period of this study. Dr. Moore states 
that this species commonly feeds upon snails and less fre- 
quently upon worms and insect larvae. 

One, and possibly two, species of turbellarid worms 
have been collected in the pond but have not been deter- 


mined. 
Rotaroria 
Diplax videns Levander Colurus grallator Gosse 
Salpina spinigera Ehrbg. Diplois daviesiae Gosse 
Pterodina patina Ehrbg. Brachionus angularis Gosse 
Crustacea—Phyllopoda 


Eubranchipus gelidus (Hay) Limnetis mucronatus Packard 
Lepidurus couesii Packard Limnetis gouldiit Baird 


The phyllopods listed above are among the most abun- 
dant and characteristic animals found in the pond. The 
Eubranchipus develop the most rapidly after the spring 
thaw and females with eggs are usually very common 
about one month after water first collects in the pond in 
the spring. Lepidurus usually attains its maximum 
abundance about two weeks later, while the adult Lim- 
netit appear in numbers about two weeks subsequent to 
this, that is to say about the first of June. Eubranchipus 
is extensively preyed upon by the larvae of the beetles 
noted below. 

Copepoda 
Cyclops viridis Jurine Canthocamptus minutus Claus 


Cyctops ater Herrick Diaptomus leptopus Forbes 
Diaptomus oregonensis Lilljeborg 
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Cladocera 
Simocephalus vetulus Mull. Ceriodaphnia reticulata Jurine 


Ostracoda 


Cypris virens Jurine Cypris dentata Sharpe 
Cypris fuscata Jurine Candona sp. 


Insecta 
Neuroptera, Hemiptera and Coleoptera are the most 
abundant insects in this pond. In general they appear 
for the first time in the spring rather later than the mol- 
luses and crustaceans. 
Collembola 


Isotoma viridis Bourlet Tomocerus  flavescens americanus 
Isotoma palustris Muller Schott 
Entomobrita sp. 


These species are found on the surface of the pond in 
great abundance soon after the spring thaw. They are 
extremely numerous for a few weeks but later disappear 
almost completely. 

Hemiptera 


Gerris rufoscutelatus Latr. Notonecta undulata Say 
Gerris buenot Kirk Corixa sp. 


All these forms migrate onto the pond some time after 
it is free of ice in the spring. The Notonecta is sometimes 
found quite abundantly and at others is very scarce. 
The Corixidae, of which there are probably several spe- 
cies, occasionally migrate into the pond in enormous 
numbers. 


Coleoptera 


Hydrophorus fuscipennis Kies Illybiosoma bifarius Kirby 

Agabus punctulatus Aube Colymbetes semptilis Hart 

Agabus triton Fall Gyrinus maculiventris Lec. 

Agabus sharpii Fall Beroses straitus Say 
Hydrocharis obtusatus Say 


These beetles are quite common in the pond. Some in- 
dividuals are to be found in the spring immediately after 
the melting of the snow, while there is still ice in the 
pond and the water is very cold. They apparently lay 
their eggs early in April and the young larvae begin to 
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appear soon after. These small larvae have been ob- 
served feeding upon some of the Entomostraca. When 
they are somewhat larger they commonly prey upon the 
Eubranchipus and when the latter have all disappeared 
the beetle larvae feed upon the tadpoles of Rana canta- 
brigensis. 

Caddice larvae (Trichoptera) are common, but the 
species have not been determined. This is also true of 
the mosquitoes. The larvae of damsel flies (Odonata) 
have been collected on two occasions but their occurrence 
was undoubtedly accidental and they do not reach matur- 
ity in the pond. 

Hydracrina 


Panius cataphractus (Koenike) Eylais desceta Koenike 
Hydrachna legei Koenike Eylais sp. 


These water mites are common in the pond. The mi- 
croscopic larvae have been found early in April, but the 
adult forms do not appear until five or six weeks later. 


Mollusca? 

Special attention has been paid to the molluscan fauna 
of the pond. The following list is believed to be com- 
plete: 

Lymnaea palustris Muller Planorbis exacuous Say 
Lymnaea caperata Say Segmentina crassilabris Walker 


Planorbis umbilicatellus Cockerell Segmentina christyi Dall 
Aplexa hypnorum Linne 


Lymnaea palustris is by far the most abundant mol- 
luse of those found in the pond. When the pond dries in 
the month of June the snails secrete a diaphragm across 
the aperture and remain dormant on the bottom of the 
pond, in cracks and small depressions, until the following 
April, and thus have an inactive period of between nine 
and ten months. It is somewhat remarkable that any 
species are able to survive year after year, when they 
are able to be active and to feed during only two months 
out of every twelve. 

2 See also Mozley (6). 
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Planorbis umbilicatellus is not particularly common in 
the main portion of the pond. Ten or twelve individuals 
of this species were usually collected on each visit, while 
several thousand individuals of Lymnaea palustris could 
have been collected with very little effort. In a similar 
but rather smaller and more shallow pond situated a few 
yards south of the one studied in detail, with which it was 
formerly connected, P. umbilicatellus was extremely 
abundant, so much so that fifty or more specimens were 
often scooped up in a sweep of the collecting net. The 
reason for this great difference in abundance is not ap- 
parent. Observations on the snails and bivalves of a 
number of similar ponds in Manitoba and Saskatchewan 
are at present in progress and a more detailed account 
of this smaller pond will be given after additional obser- 
vations have been made. 

There is a great deal of variation in the form of the 
shell in Lymnaea palustris Muller, as found in the pond. 
It is interesting to find this wide range of variation, from 
short obese individuals to those of a slender narrow type, 
in one habitat. Baker (1) has pointed out that in any 
considerable series of shells of this species from one 
locality, there is a very wide range of variation. But in 
the case of the Saint Vital pond there is an equally wide 
variation not only in shells from one locality but from 
one habitat. That is to say, in this very restricted habitat 
in which the conditions are very nearly uniform through- 
out, there is quite as wide a variation in the form of the 
shell as is shown in most series from many different 
localities. Obviously, therefore, the variable factors 
which give rise to the differences in the form of the shell 
in this species under these conditions are largely inter- 
nal. This fact is undoubtedly well known to many mala- 
cologists although it has apparently not been definitely 
stated up to this time. Several previously published 
statements may refer to this, but the wording is so mud- 
dled as to be quite impossible to understand. 
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Amphibia 
Rana cantabrigensis cantabrigensis (Baird) 

This species, commonly known as the ‘‘ Northern Wood 
Frog,’’ is the only frog found in the vicinity of the pond. 
It is quite abundant and is a characteristic member of the 
pond fauna. The leopard frog, Rana pipiens, which is 
common practically throughout the Province of Mani- 
toba, does not occur in this habitat. The wood frog ap- 
pears in the spring soon after the snow has disappeared. 
it was first noted in 1925 on April 3rd; in 1926 on April 
18th, and in 1927 on April 15th. The tiger salamander 
(Amblystoma tigrinum) which was found by Shelford in 
a pond near Chicago is not a temporary pond form as it 
requires some ‘‘permanent’’ water to reach maturity. 


Aves 


The presence of the pond does not seem to have any 
very marked direct effect upon the avian fauna of the 
vicinity. A few ducks are often found feeding there 
early in the spring but these are merely migrating indi- 
viduals. A bittern has been observed feeding in the pond 
on two occasions. The typical shore birds are absent 
from the pond, probably as a result of the lack of an 
open shore free of plants, and the temporary nature of 
the pond. 

SUMMARY 


A temporary pond in southern Manitoba, Canada, sit- 
uated at fifty degrees north latitude and ninety-seven 
degrees west longitude, was studied during the spring of 
the years 1925, 1926 and 1927. This pond was formed 
by the melting snows and spring rains in the month of 
April, and usually persisted until sometime in the month 
of June. The period of activity of the aquatic animals 
which are permanent residents of the pool, not merely 
migrants, is thus somewhat more than two months in 
each year. During the summer, after the pond has be- 
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come dry, the dormant organisms are subjected to severe 
desiccation and during the winter to low temperatures. 
The flora and fauna of this pond is quite extensive, 
and many of the species present occur in very large num- 
bers. The phyllopods, Eubranchipus, Lepidurus and 
Limnetis, beetles and snails are the most numerous ma- 
croscopic forms. There is a well-marked seasonal suc- 
cession in both plants and animal species. The alterna- 
tion of moist and dry conditions plays an important part 
in the great productivity of the pond and has some pos- 
sible applications to fish culture and fish-food culture. 
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APPARATUS AND METHODS FOR DROSOPHILA 
CULTURE 


DR. CALVIN B. BRIDGES 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


A FOUR-SHELF INCUBATOR FOR DROSOPHILAS 


Durine the early work on the genetics of Drosophila 
melanogaster the cultures were reared on laboratory 
tables or on open wall shelving. This method gave irreg- 
ular results. The cold nights of the winter season made 
a considerable proportion of the cultures fail to start 
properly, and also lengthened the generation interval. 

In 1913 I built above my laboratory table a large 
wooden incubator which held all my experimental cul- 
tures. This incubator was heated by carbon electric 
lamps placed in the lowest shelf space. The thermostat 
was of the ‘‘ether-wafer’’ type. The expansion of the 
ether forced apart contacts in the heating circuit. A six- 
inch electric fan continuously circulated air down a gap 
behind the shelving with return through a similar gap 
between the shelves and the doors. 

Shortly after this, two other large incubators were 
equipped for other workers. In these the thermostat 
contacts controlled a relay which turned the lamps on 
and off. Plough’s work on the effect of temperature 
extremes on crossing-over showed that it was necessary 
to maintain the temperature constant for genetic reasons 
as well as to improve culture conditions. 

In 1922 a large incubator with four shelf spaces was 
designed and built. It has operated since with marked 
success. Its construction is of inexpensive materials 
and is simple enough to be made by the investigator or 
any ordinary carpenter. It is capable of maintaining 
accurately temperatures below room temperature as well 
as above (but not simultaneously). Its flexibility and 
range are great enough to provide any temperature 
needed in the Drosophila work. Most of this falls be- 


tween 13° C. and 31° C., but occasionally still lower or 
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higher temperatures are required. The humidity is con- 
trollable, and may be held constant for many days without 
attention. The construction is such that great changes 
in humidity can be brought about within the incubator . 
without trouble from warping or opening of seams. The 
entire interior of the shelf compartment is at substan- 
tially the one temperature for which it is set, without 
local hot spots, and without the vertical temperature 
gradient that is so marked a feature of most incubators. 
In the account which follows, and in the accompanying 
plan and elevation diagrams, the original design has 
been improved in a few particulars, which will be 
specified. 

Uniformity of temperature within the incubator 
chamber is attained as follows (see diagram) : 

(1) No source of heat is within the incubator chamber. 
The six heating lamps are in a separate compartment 
below, and the incubator space is shielded against radi- 
ation and conduction from them by interposing four 
wooden partitions and three streams of air. The heat 
of the lamps is applied to the outside of the incubator 
chamber, and only in the form of a rapidly moving air 
bath of regulated temperature. The tenth-H. P. motor, 
which drives this air stream by an eight-inch fan, gives 
off considerable heat, and hence is likewise placed in a 
separate compartment. The motor compartment is well 
insulated from the incubator chamber and from the air 
stream, and is itself ventilated by outside air through 
groups of holes in its door. 

(2) The stratification, with vertical temperature gra- 
dient, which exists in the air of a laboratory, and which 
is contributory to the temperature gradient within the 
average incubator, is done away with by the fact that a 
regulated air bath is interposed between the room and 
the incubator chamber. The regulated air is forced to 
cover all the wall surface, even the front, by dividing the 
three-inch (originally four-inch) space between the incu- 
bator chamber and the outer casing into connecting 
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passages which form a closed air-duct system. The air 
passes from the fan through the various channels in the 
large tempering chamber, then up the right end, diago- 
nally across the top, down the right half of the back, 
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forward below the chamber, up through the right door 
and the hollow center post, diagonally across the top to 
the left half of the back, down this, forward beneath the 
left half, up through the left door, diagonally across the 
top, down the left end, along the bottom to the thermostat 
compartment, and is finally forced through a nine-inch 
hole into the tempering chamber again. Most of this 
movement is in an up-and-down direction, which in itself 
tends to equalize the stratification effect. In the incu- 
bator as built in 1922 the air did not pass through the 
doors, but instead made two return trips, down and up 
and back. In the new design, with a spiral course for 
air in the walls, there are no corners to form dead air 
spaces, and the entire outer wall of the incubator 
chamber is covered by a uniform flow of air. 

(3) The interior of the incubator chamber is converted 
into a continuous air duct by the dividing shelves, which 
contain screened connecting openings at alternate ends. 
The circuit is completed by a vertical return passage, at 
the right end of the chamber, connecting the bottom with 
the top shelf space. The air inside the incubator chamber 
is all kept in motion and is driven in succession through 
all parts of the chamber by a continuously operated six- 
inch fan which receives its power from the same motor 
that drives the outer air stream. The fan blades run in 
a short vertical tube let through the left end of the shelf 
that forms the roof of the lowest space. The air streams 
inside the incubator chamber are mainly horizontal, and 
by cross-hatching the vertical streams in the walls 
equalize still further the temperature gradients. 

Both these air streams are driven at high speed, since 
air has a low heat-carrying capacity. To operate silently 
at full motor speed the shafting must be straight and of 
generous diameter (4-inch), and the bevel gears true and 
smooth. To facilitate putting in the 28-inch vertical 
shaft, the motor shelf and the relay shelf below it are 
removable. They are only eight inches wide, and the 
motor shelf is adjustable by washered screws in slots to 
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assist in aligning the shafting. A door, about a foot 
square, in the left end, enables the motor to be installed, 
adjusted and oiled easily. The bearings, originally thick 
brass, may be hard wood. Oiling of the bearings and the 
gears may be mainly graphite with just enough grease 
to keep it from flying. Graphited felt pads pressed 
lightly against the shafting near the bearings by adjust- 
able springs further silence the system (not shown). 
Aside from the slightly greater expense, it would be 
better, and more silent, to dispense with the gearing and 
run the vertical shaft by a second motor placed above 
the other in the same compartment. 

After making a cireuit through the wall passages the 
air returns to the thermostat chamber, where, if it is 
cooler than the temperature set, it causes the lamps to go 
on until the set temperature is regained. For a large 
differential between the room temperature and a high 
operating temperature, the lamp load would be great 
enough to make it advisable to use a relay between the 
thermostat circuit and the lamp cireuit. In the diagram 
the operation of the lamps is shown as controlled by a 
relay and a toluol-merecury thermostat in the form of a 
grid suspended from the floor of the incubator chamber. 
But this arrangement is optional, since there are so many 
desirable heat-control systems that this feature is not 
treated critically in the present paper. The use of a 
Thyratron tube as a relay is apparently the best solu- 
tion of several major difficulties (F. O. and O. H. A. 
Schmitt, Science, 73: 289). 

Since there is considerable consumption of oxygen and 
liberation of CO. when the incubator is full of cultures, 
an arrangement was made for renewing the air inside the 
incubator chamber. On the low-pressure side of the 6” 
fan a row of holes took air from the duct behind. On the 
high-pressure side another row of holes let an equivalent 
amount escape. By stoppering one or more holes with 
corks, the speed of interchange could be regulated. 
Originally leakage from the outside was depended upon 
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to renew the air in the tempered stream, but, following 
the suggestion of H. H. Darby, sets of holes admit fresh 
air to the bottom of the thermostat compartment and 
emit it from the tempering chamber at the level of the 
lights. 

Moisture is supplied by evaporation from the surface 
of a large-area tray (25” < 223”) set above the bottom 
of the tempering compartment. As the water evapo- 
rates, the supply is renewed continuously from four (or 
two) five-gallon bottles (not shown), each inverted on a 
large tripod ring. The heights of the tripods are such 
that the mouths of the different bottles all come one and 
a half inches above the floor of the tray—a height great 
enough for the corks to be extracted after the bottles are 
inverted into place. The size of the standard five-gallon 
bottle is 194 inches in height by 10 inches in diameter. 

. The clearance between the lights and the tray bottom is 
23 inches, and more clearance can be obtained tempo- 
rarily by unscrewing the lamps or the entire lamp-board 
(three screws). The percentage humidity can be cut 
down, from that corresponding to full exposure, by cov- 
ering the tray top with boards (not shown) laid edge to 
edge, beginning at the fan side. The width of the board- 
ing must be determined by trial, with humidity measure- 
ment at the particular temperature being used. The 
large volume of the reserve supply and the constant 
exposure surface enable the humidity to be kept constant 
for a very long period without attention. In renewing 
the supply in the bottles it is best to use water preheated 
to the incubator temperature. 

For use at or below room temperature, ice, instead of 
the water bottles, is put into the large tray. This tray is 
deep enough (104 inches) to take the standard thickness 
(10 inches) of artificial ice, and large enough (inside 
dimensions = 22} inches from front to back, 25 long) to 
hold 150 pounds (standard 310-pound cake measures 
10 22 40 inches). The tray is strongly made, the 
bottom, ends and front side being two layers of the 2” 
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material crosshatched, while the back is one thickness 
only. It is lined with heavy-gauge sheet copper. It may 
be provided with an overflow pipe (not shown): placed 
about two inches above the bottom and carried through 
the end wall. 

For maximum cooling effect an adjustable partition 
(}” beaver-board) at the left end is raised enough to 
divert a third or more of the air down the left end, under 
the tray (supported on strong legs 13?” high) and up the 
right end. For less cooling this partition is lowered, or 
turned horizontal to block off entirely the passage be- 
neath the ice-box. For still less cooling, the setting being 
at or only slightly below room temperature, boarding 
(not shown) can be laid edge to edge from the fan end 
toward, or to, the opposite end. Without these diver- 
sions and blanketing the ice would be used rapidly in pro- 
portion to the height of the temperature setting, instead 
of inversely. 

The boarding and timbering throughout is of 2?” pine 
or fir, as soft and light weight as possible. This gives 
better insulating properties and an incubator easier to 
move about. The boarding is narrow—not over five 
inches wide, and is tongued and grooved. The timbering, 
or crosspieces, is of ? X 13-inch material. 

To prevent warping and opening of cracks from 
changes in humidity a special system of nailing is used. 
In making up a panel, the first or outer board at the ends 
of the crosspieces is nailed to the crosspieces by pairs of 
nails ? inch in from the outer edge of the board. The 
inner edge is left free. The next board is put in place 
but is not driven snug to the other; a crack of 4 inch or 
less, depending on how dry the board is, is left between. 
This crack is of course sealed by the tongue and groove 
edge. This second board is nailed by pairs of nails at 
its midline. The successive boards are loose-laid and 
middle-nailed in the same fashion until the last or outer 
board is reached and this again is nailed near its outer 
edge only. Upon absorbing moisture, or on drying, 
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poards change in length very little, as compared with the 
change in breadth. Hence, on the above system of nail- 
ing, each board is free to swell or shrink in place without 
opening eracks. The over-all width of the panel depends 
only upon the amount of swelling in the length of the 
crosspiece, which is of the same proportionate amount as 
the change in length of the panel. In nailing to this 
panel, e.g., other crosspieces or members, this same rule 
is to be followed—nail into outer edge of outer boards; 
into the middle of middle boards. The slight amount of 
leakage through the tongue and groove boarding is an 
advantage rather than otherwise, since it gives a diffused 
renewal of air. 

The outer wall is covered completely by }” cardboard 
in two successive layers. Air spaces of 3” were made 
between the boarding and the cardboard by slats of 
8X 12” material at the edges and horizontally between. 
Some of the modern insulating boarding (Celotex, 
Masonite, ete.) would be better. This is mostly about 
a half inch thick, but can be substituted throughout 
without change in the dimensions for the wooden con- 
struction. 

The upper doors (shown in plan) are of the same hol- 
low construction as the back and ends of the incubator. 
The tops of the doors are level with the upper edge of 
the top board of the incubator chamber. The bottom 
edges are level with the bottom edge of the bottom board 
of the incubator chamber. The open bottom end and the 
open top of each door fit openings in the sill and lintel, 
leading into the cross passages below and above the in- 
cubator compartment. The doors close against facings 
of 4X 2” soft felt weather stripping. Wherever neces- 
Sary quarter-rounds (not shown) are used to carry the 
facing. Again, slight leakages are not a disadvantage. 

The lower doors (not shown) are simple—3-inch board- 
ing, with the crosspieces outside and covered over by the 
cardboard, leaving 3-inch air spaces. The top line of the 
lower doors is at the bottom of the top board of the motor 
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compartment. The bottom line is at the top of a 44-inch 
baseboard (not shown), having the same construction as 
the lower doors. The hinge lines are at the inner edge 
of the side boarding of the casing. The free edges meet 
on a stepped-back middle post at the front edge of the 
fan partition. 

In assembling, the wooden part of the outer case is 
first built with the motor compartment and partitions, 
but no front, and is laid on its back. The incubator com- 
partment is built similarly, with the cross passages be- 
neath and the projecting partitions behind and above, 
and is then lowered into place in the casing. The front, 
with the doors, is then built in place, joining these two. 
Lastly, the outer cardboard coverings are applied over 
supporting slats. 


A TWO-SHELF INCUBATOR FOR DROSOPHILAS 


For many purposes neither so capacious an incubator 
as that described above for Drosophilas nor one able to 
run below room temperature is required. The most 
efficient form for a smaller incubator seems to be two 
relatively long shelf spaces rather than more but shorter 
shelves. The special advantage of this arrangement is 
that it minimizes the vertical temperature differences 
due to the gradient in the room. Incubators with two 
long shelf spaces have also been built by B. Cohen, C. R. 
Plunkett and C. I. Bliss, and many of the later designs 
have had the benefit of consultation with other members 
of this group. 

The interior is divided horizontally by a shelf, with a 
supporting partition at each end. One of these parti- 
tions (see diagram) is complete below, except for a cir- 
cular hole for the eight-inch fan blades. The other par- 
tition reaches only to within five inches of the floor, 
exceptjat its sides, where two-inch pieces act as legs for 
the shelf. This end partition is set four inches from the 
end wall and forms an air passage to the upper shelf 
space. It reaches halfway to the roof, thus permitting 
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the air to flow while keeping bottles in position. In this 
end passage is hung the thermostat. 

The fan is run continuously by a motor placed outside 
on a shelf at the end. This shelf is made large enough 
to hold the relay or other devices used in the heat con- 
trol, and may be provided with a detachable cover which 
reduces the noise from the motor. The cover must be 
ventilated so that the motor does not overheat. 

The heating lamps are in a special compartment next 
the fan in the lower shelf space. They are in series two- 
by-two, to operate at half voltage. Two such gangs pro- 
vide the total wattage required. The two lamps in series 
with each other should be of the same wattage. The total 
wattage should be adjusted as low as will just overcome, 
by continuous burning, the difference between the chosen 
inside temperature and the minimum outside tempera- 
ture expected. 

Since the heating elements are inside the incubator 
chamber, very special precautions must be taken to avoid 
higher temperatures next this compartment and in the 
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shelf space immediately above it. This is accomplished 
by a succession of partitions with the interspaces swept 
by air streams. Directly above the lamps is interposed 
a metal tray for water. This rests on 3” removable dowel 
pins that cross the heating chamber. The tray sets 
snugly against the partition away from the fan and ex- 
tends toward the fan, leaving a passage for about one- 
third of the air to cross the water surface and pass over 
the partition, which rises only to the level of the top of 
the tray. Above the water tray is a horizontal partition 
of plywood that is hung by screws to the middle shelf 
or nailed to narrow strips parallel to the air stream. 
Finally, the bottles on the shelf directly above do not rest 
upon the long main shelf itself but upon another plywood 
horizontal short partition raised upon narrow strips so 
that an air stream passes beneath it and into the return 
passage at the end. The top part of the end partition is 
mounted on this plywood to provide exit for this air. 
The partition separating the tempering chamber from 
the rest of the lower shelf is similarly reinforced by an 
aecessory plywood partition so placed as to divert air 
through the space between it and the main partition. 

The humidity can be controlled by covering over the 
water tray to an extent determined by trial. 

The construction of this incubator is especially easy. 
The inner case and horizontal shelf and main partitions 
are made of 3” matched lumber about four or five inches 
wide. The framing crosspieces are of 1” < 2” scantling, 
which becomes ?” < 13” when dressed on all four sides. 
All this material should be light-weight soft pine or fir, 
which is better as an insulator and gives an incubator 
which is easier to move about. A special trick in the 
nailing prevents changes in humidity from affecting the 
structure. The boards are matched a little loosely and 
are nailed at the outer edge only in the case of the out- 
side boards of a panel and at the mid-line only in the case 
of the central boards of a panel. The width of the panel 
then depends only on the change in length of the cross- 
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members, which is the same as the general change in the 
length of the boarding. 

The insulation is easily added in two successive layers 
over ? X 13 seantlings at the edges and horizontally be- 
tween edges. Quarter-inch builders cardboard or the 
thicker and better Celotex or Masonite can be used. 

Slight leakages at the door cracks provide a diffused 
exchange of air, which can be increased by holes bored, 
at the level of the horizontal scantling, on the positive 
pressure and on the negative pressure side of the tem- 
pering compartment. 


A TOLUENE-MERCURY THERMOREGULATOR 


Parallel to the series of incubators, developed for use 
with Drosophilas, has been a series of thermostats. The 
thermoregulator described and diagrammed herewith is 
the current model. As in the case of the incubators, 
these thermostats have incorporated the criticisms and 
improvements suggested by a large group of users, in- 


eluding especially C. I. Bliss and C. R. Plunkett. 

In general form this thermostat (see diagram) is a 
grid of six parallel tubes filled with toluene (toluol) and 
connected to a strong crosstube which terminates in a 
mercury trap. The tubes are about 93 ‘inches long, 3 
inch in diameter and fairly thin-walled. The crosstube 
is heavy-walled, a half inch in diameter and about five 
inches long. The mercury trap is of % inch heavy-walled 
tubing. The near arm descends parallel to the six thin- 
ner tubes and bends back to terminate in a vertical capil- 
lary tube. The capillary tube has very thick walls and 
a large bore (2mm). This large bore gives a solid mer- 
eury column that does not clog or cling to the walls, as 
it would in a smaller bore. The sensitivity, reduced by 
the large capillary, is made large by the great length and 
large surface of the toluene grid. The movement of the 
mercury column is well over an inch for a temperature 
change of one degree centigrade. 
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As the mercury column rises with increase in tempera- 
ture it makes contact with the tip of a three-inch, half- 
- millimeter diameter, nickel-silver wire. This wire is car- 
ried by a three-inch 6-32 brass machine screw with fillis- 
ter head. The screw runs in a nut which is held in place 
at the top of the trap arm by a strong spring clip 
to which it is soldered. The arms of the spring clip are 
grooved on their inner faces tc make the alignment posi- 
tive, and hold firmly by virtue of a three-contact system, 
two contacts on one arm and the third on the other. 

The electric attachment is made to a projecting lug on 
this spring clip by a toothed end-clip that terminates the 
lead-in wire. The other electric attachment is made by 
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a similar end-clip to the projecting ends of a copper 
band that encircles the tube below the capillary. This 
band is bolted firmly in position, pressing against a plati- 
num or tungsten wire which pierces the wall and enters 
the mercury in the trap. The platinum contact wire was 
found to be too weak to endure direct attachment, hence 
the attachment band to take the end-clip. 

The regulating screw is carried in a larger thick-walled 
tube above the capillary proper, only the long terminal 
wire entering the capillary. This arrangement was 
adopted to avoid change in the setting if the mercury 
should rise above the contact point. The space between 
the serew threads and the capillary wall would retain 
considerable mercury when the temperature fell again. 

Between the capillary and the screw-carrying tube is 
blown a 3-inch bulb, which acts as a reservoir for excess 
mercury. With this bulb present, the thermostat may be 
operating at 10° C., and when brought out into the lab- 
oratory at 25° C. the mercury will rise into the bulb and 
upon replacement at 10° will fall again without change 
in the setting. Or, a thermostat set for 25° C. could rise 
to 40° C., through failure of the heat to turn off, and mer- 
cury would not be forced to overflow the top. 

The grid is freely suspended on two large cup-hooks 
covered by rubber tubing. One of these hooks must be 
in the space nearest to the mercury trap because of the 
overbalancing effect of the mercury. 

The grid is best filled by toluene through a special 
capillary funnel or pipette extending through the capil- 
lary stem into the trap chamber below. When this cham- 
ber is filled the fluid can be passed on to the grid by 
tilting. The upper corner, where crosspiece meets trap- 
tube, is well rounded, so that air bubbles can be easily 
removed by tilting. After the grid and trap are com- 
pletely filled with toluene, the mercury can be added sim- 
ilarly, and will displace the toluene if the grid is tilted 
correctly between additions. The mercury should rise in 
the trap arm to about the middle of the capillary height. 
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A weak point of this thermostat system is oxidation of 
the mercury surface through sparking, when a 110-volt 
current is made and broken. This can be reduced below 
the trouble level by increasing the capacity of the line by 
connecting the light circuit and the fan circuit in parallel 
with the thermostat gap, so that the surge has an open 
path. Another method is to reduce the voltage in the 
thermostat circuit and employ a relay that is wound to 
operate on the given small current. Dry cells, storage 
batteries, the plate current from a vacuum tube (the sys- 
tem given by D. J. and J. J. Beaver, Ind. Eng. Chem. 15, 
359) or other means may be employed to give a low volt- 
age circuit. The use of a Thyratron tube apparently 
offers the best solution of this difficulty, as well as of 
several others (F. O. and O. H. A. Schmitt, Science, 73, 
289). 

The large travel of the tip of the mereury column for 
a change of one degree centigrade allows the operating 
range to be as small as about + 0.01° C. However, the 
heating system usually has a lag great enough to make 
the temperature overshoot in both directions. The 
actual operating range is nearer + 0.05 and may be 
greater. Thus, obtaining a narrow operating range does 
not require a thermostat more sensitive than this, but a 
more delicate adjustment of the heating system. 

For minimum range the heaters must have minimum 
lag. Coarse resistance wires have considerable lag be- 
tween the make of the current and the development of 
heat to full capacity, and much greater lag in the cooling 
after the break. Any kind of core increases the lag over 
open coils of bare wire. Small wires operated at high 
capacity are better than large wires operated at low 
temperatures. Electric lamps with fine filaments in a 
vacuum are most excellent, as well as very safe in opera- 
tion. But to avoid disturbance through burning out of 
lamps it is my practise to put them in series, two-by-two. 
This method operates them at half voltage, with a many- 
fold increase in life and dependability. Two or more of 
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these gangs of lamps are run in parallel to give the total 
wattage required. 

A second factor in small-range operation is smallness 
in the amount of heat turned on and off by the regulator. 
The smaller the difference between the incubator temper- 
ature and the exterior temperature the smaller is the 
variable heat unit needed. Also the smaller the fluctua- 
tion in outside temperature, especially drops below incu- 
bator temperature, the smaller the heaters can be made. 
The optimum arrangement for very fine work is to oper- 
ate the incubator in a room which is itself regulated to 
a temperature about two degrees, or even less, below that 
of the incubator. 

A large but rather uniform difference between outside 
and inside temperature may be met by increased insula- 
tion or by use of accessory lamps which burn continu- 
ously and are adjusted in wattage to bring the in- 
side temperature to within three to five degrees of the 
temperature desired. 


CULTURE BOTTLES FOR DROSOPHILAS 


In the early work on the heredity of Drosophila the 
cultures were raised in quart fruit jars, in quart milk 
bottles, and in a very miscellaneous collection of museum 
jars and other laboratory glassware. The great difficulty 
was in getting the flies out of these cultures for etheriza- 
tion and examination. By 1913 pint and half-pint milk 
bottles had become standard, largely on account of their 
uniformity of mouths, their heavy, strong glass and the 
ease with which they could be procured. 

In 1916 I made experiments to determine the optimum 
area of culture surface, and concluded that the pint milk 
bottle was best for the flies, but the half-pint, which was 
not far inferior in that respect, was greatly superior in 
ease of handling, ete. Accordingly in 1917 I drew de- 
signs and made a wooden model of a special bottle, hav- 
ing the floor area of the pint bottle and the height (135 
mm) and other good features of the half-pint bottle. A 
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special feature of this model was that the bottom was 
square, with generously rounded corners, and the sides 
were pyramidal with rounded angles. The angle be- 
tween the bottom and the sides was to prevent the food 
eake (banana-agar at that time) from slipping out of 
place on the bottom, as it easily did with the cylindrical- 
sided milk bottle. Unfortunately, this model was never 
made in glass. 

In 1925, Curt Stern visited our laboratory and was in- 
terested in culture-bottle design. Upon his return to 
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Germany he designed and had made a conical type of 
bottle, which had extra safeguards against displacement 
of the food cake by projections from the inner wall. The 
large size of the circular bottom seems a slight disadvan- 
tage of this excellent design. 
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In 1930 I again made designs for a culture bottle for 
Drosophilas (see diagram), and the mould and bottles 
were made by the Illinois Pacific Glass Company at their 
plant in San Francisco. The mould is interchangeable 
with one of the standard moulds on an automatic mul- 
tipleemould machine, which makes many half-pint bottles 
simultaneously. In this way they are able to offer the 
special bottles at the standard price of half-pint milk 
bottles, if ordered in lots of five or more gross. 

The features of the new bottles, which have been sub- 
jected to a year’s trial, are the following: 

The glass is heavy and strong like that of half-pint 
milk bottles, which are subject to hard usage. 

The mouth is the standard milk bottle mouth, with the 
groove for paper caps. This type of mouth was adopted 
for two main reasons: the groove is convenient in receiv- 
ing and holding the entrance funnel of an etherizer with- 
out danger of a slip. Also it seems likely that the paper 
caps regularly used for milk may ultimately entirely dis- 
place the cotton plugs with cheesecloth covers that have 
been standard since 1921. The use of the paper caps was 
begun by Demerec in 1928. But my own tests of them 
indicate that better results are obtained if they are per- 
forated with ten or fifteen small needle holes than if they 
are used imperforate as originally suggested. A gang 
punch could be made to perforate several at one lever 
stroke. The holes should be numerous and not over 0.6 
mm in diameter, otherwise undersized Drosophilas can 
enter or emerge. 

The neck is cylindrical for about 2 em below the neck. 
This gives a long seat for cotton plugs, which do not pop 
through as they did with milk bottles whose flare begins 
just below the mouth. 

The bottom is square with rounded corners. The short 
diameter across the square is 65 mm, the diameter of the 
usual type of half-pint milk bottles. While the shelf 
Space is unchanged, the useful area is considerably 
larger because of the extra space in the corners. From 
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the four sides of the bottom the glass rises straight until 
it is intersected by the cone of the body of the bottle. 

This cone of the side walls intersects the bottom at the 
outer corners, which are slightly rounded, and makes 
small panels of the lower side walls. This taper from the 
corners has been quite sufficient to hold the food cake in 
position solidly. But there is no cylindrical portion of 
the body to which the food cake could slip if it broke 
slightly away from the bottom. The straight taper of 
the sides offers a better surface for the smooth attach- 
ment of labels and for writing than did the swelling 
curve of the milk bottle. Also the cone of the sides 
makes a smooth funnel to deliver the flies to the etherizer 
in emptying the cultures. 

The present food formula, worked out in cooperation 
with Helen Redfield and Hugh Darby, is: 


Molasses (free from SO,) 
Cornmeal (coarse yellow) 10.0 grams 
Agar-agar 1.5 grams 


About 60 ce of the medium is put in each bottle, giving a 
cake about 25 mm thick, and seeded with yeast after 
cooling. While this amount is sufficient to produce 600 
to 1,000 flies in stock cultures, it should be clearly under- 
stood that it is not enough to give good results for more 
than five days’ egg laying in linkage work, while for best 
results not more than one day’s eggs from one female 
should be raised in such a bottle. 


THE ETHERIZATION OF DROSOPHILAS 


During the twenty years that the yeast fly, Drosoph- 
ila melanogaster, has been used in the study of heredity, 
many millions of individuals have been examined closely. 
Much time and labor have been spent in the removal of 
flies from culture bottles and in etherizing them so that 
they would lie quiet during the separations and record- 
ings. In several respects the early methods of etheriza- 
tion were unsafe as well as slow. To remedy one or an- 
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other of these difficulties, various types of bottles were 
tried as etherizers. In 1919 a design was drawn for an 
etherizer for which the glass part was especially blown. 
Trial of this model suggested improvements, and the 
etherizer that is described and diagrammed in this ac- 
count is the current model with a considerable series of 
predecessors. 

The improvements make the intake of flies from the 
culture bottles and their discharge to the sorting plate 
both safe and rapid, the etherization quick and uniform, 
and the amount of ether used and ultimately liberated 
into the room very small. The visibility of the flies being 
etherized or discharged is excellent. The interior of the 
etherizer and the entrance and exit are easily kept clear 
and clean. Finally, special means have been employed to 
insure against breakage in the ordinary course of use or 
by accidental dropping on a concrete floor. 

The entrance to the etherizer (see diagram) is through 
a metal funnel whose rim fits accurately inside the 
groove in the mouth of the milk bottles generally used 
for culture bottles. Between the etherizer and the cul- 
ture bottle there is no troublesome chink, through which 
flies might escape. The sheet-brass or galvanized iron 
of which the funnel is made is so thin (under 1 mm) that 
its edge offers no ledge that would hold the entering flies 
from sliding directly on into the body of the etherizer. 
The slope of the funnel (60°) is steep enough and the 
bore of the stem (6 mm) is large enough to offer only 
negligible resistance to the passage of the flies. The in- 
terior surface of the stem, which is of block tin or brass, 
is kept clear and polished by the wooden stopper, which 
extends completely through the stem and projects a 
couple of millimeters beyond. 

In getting flies into the etherizer from the culture bot- 
tle, they are first tapped away from the stopper and then 
kept away temporarily by turning the base of the bottle 
slightly upward and toward the light source. The stop- 
per is quickly removed and the rim of the entrance fun- 
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nel fitted into the groove. The bottle is now turned 
bottom upward with the etherizer vertically below, and 
the flies dislodged and caused to rattle down into the 
etherizer by sharp taps of the bottom of the etherizer on 
the palm of the hand not occupied in holding the two to- 
gether. This method is far more rapid than to turn the 
base of the etherizer toward the light and to depend upon 
gentle tapping on the bottle to start the flies traveling 
slightly upward and toward the light. But this method 
requires that the food be in a firm cake, stuck fast to the 
bottom of the culture bottle and free of liquid. The new 
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agar-cornmeal-molasses medium, if poured in a cake 
about an inch thick, is satisfactory. The new conical- 
sided culture bottles are much better in this respect than 
the cylindrical-sided milk bottles which were formerly 
used. 

The flies are kept from emerging from the etherizer in 
a reverse stream by the tip of the stem, which, by extend- 
ing eight to ten millimeters into the body of etherizer, 
acts as a trap, making the flies encircle the opening in- 
stead of entering and ascending. The entrance is closed, 
as soon as possible after removal of the etherizer from 
the mouth of the emptied culture bottle, by a wooden 
plug. The top of the stopper extends far enough above 
the rim of the funnel to be easily grasped for extraction. 
The opposite ends of this top part are flattened to give 
a good grip. To forestall loss of mislaying of the plug, 
it is tethered to the neck of the funnel by a short strong 
cord. 

The metal funnel affords protection against breakage 
of the glass body of the etherizer by being mounted on 
a cork ring set in the top of the glass. Plastic wood was 
used to cement the funnel to the cork seat and the seat 
to the glass body. 

The glass walls of the etherizing chamber afford ready 
observation of the course of the etherization. The cham- 
ber is of small volume, which results in quicker initial 
saturation, less ether and speedier etherization. The 
relatively small bore of the stem of the entrance funnel, 
and of the exit, also help to conserve ether, and to main- 
tain the concentration in the interior during and between 
operations. Besides being economical of ether, the slow 
escape of ether into the air about the worker reduces dis- 
comfort and tends to eliminate ether-colds. 

The atmosphere of the etherization chamber is kept at 
the right concentration of ether by continuous evapora- 
tion from a special ether chamber which is separated 
from the main chamber by a plaster-of-Paris partition. 
This partition is porous, but to aid the passage of the 


272 THE AMERICAN NATURALIST [ Vou. LX VI 


ether, about ten small holes were punched through it just 
before the plaster set. The ether chamber is packed, 
before. pouring the plaster, with asbestos fiber, which 
holds the ether well and gives a large surface for evap- 
oration. Ether is put into this chamber through a short 
side-tube closed by a cork. Only about fifteen drops of 
ether are required initially. Only enough ether should 
be present to moisten the asbestos fibers and spread over 
their surface—not enough to leave free liquid or to clog 
the pores of the asbestos packing. Additions are in even 
smaller amounts, about five drops, at about half-hour in- 
tervals when the etherizer is in use. 

When the concentration of the ether is right, the flies 
are sufficiently etherized in about ten seconds after they 
are all in the chamber. The ether should not be satu- 
rated, nor so concentrated that twenty seconds would be 
too much. The right duration of etherization depends 
on the length of time the flies are required to remain 
anesthetized, which in turn depends on the numbers 
present, on the number of character differences for 
which separations are to be made. and on the difficulty of 
the character distinctions. In general, the least etheriza- 
tion that will suffice should be used. In case of very 
many flies or of difficult and complex separations, it is 
better to etherize to the standard amount at first, separate 
the flies into two or four subgroups according to one or 
two character differences, put these subgroups tempo- 
rarily into cotton-stoppered vials and then proceed to 
re-etherize each sublot, for completing the classification 
and recording. With a few flies, re-etherization can be 
carried out on the sorting plate, without disturbing the 
lines of the completed separations, by inverting over the 
whole group a watch glass with ether on a strip of blot- 
ting paper glued to the concave side. A paper handle 
can be glued to the convex side. 

Over-etherization of flies must be guarded against, 
since it means greater difficulty in manipulation and in 
classification, and perhaps the loss of flies that ought to 
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be mated. Over-etherization is indicated by the posture 
of the flies, the wings held erect over the back, the legs 
extended together in a stiff bunch, and the head and ab- 
domen bent toward each other ventrally. 

The etherized flies are emptied out of the etherizer 
through the bottom, after removal of the cork from the 
center of the bottom. The walls of the etherizing cham- 
ber slope funnel-wise at a convergence of about 30° to 
this exit.’ There is no shoulder to hinder the pouring out 
of the etherized flies. Since the exit funnel is of glass, 
the etherized flies slip easily over its surface. Also the 
glass is easy to keep clean, and it is easy to see if a fly 
should become stuck to the exit funnel. The seats of the 
exit cork and of the ether renewal cork are cylindrical, 
since a cork is gripped better by a straight-sided seat 
than by one that is flared. The exit cork, like the wooden 
plug, is flattened on opposite sides for a grip and is teth- 
ered by a cord. 

The exit aperture is large enough so that the interior 
of the etherizing chamber can be easily cleaned by use of 
wads of cloth or paper held by forceps. 

The base of the etherizer is the flared-out tip of the 
exit funnel and is of thick strong glass. The base is pro- 
tected against breakage by being set into a ring of cork, 
which extends beyond the glass laterally and _ below. 
The cement used to attach the cork ring to the glass base 
is plastic wood: Plastic wood is also used to cover the 
countersunk knots of the strings that attach the stoppers 
to the body of the etherizer. 


SHORTER ARTICLES AND DISCUSSION 


PARADOXICAL TERMINOLOGY IN GENETICS 


THE increasing use by geneticists of the term ‘‘recombina- 
tion’’ prompts the writer to point out that in the majority of 
cases the meaning now implied by the geneticist using the word 
is directly opposite to its true and generally accepted interpre. 
tation 

When the two members of any pair of factors segregate in the 
germ cells and maternal and paternal factors are subsequently 
brought together in pairs in the zygote, it is quite correct to 
refer to the latter process as recombination, in the sense that 
units occurring first in pairs and then separately are finally 
again combined in pairs. It is therefore correct to say that 
Mendel’s laws depend upon segregation and recombination at 
random. It was in this sense that the latter term was first used 
in genetics. However, when one considers the genes introduced 
in a cross by both parents, it is not correct to refer to all the 
genotypes or phenotypes obtained in backcross or in the F, 
generation as recombinations, since some of them consist of 
entirely different combinations of genes and phenotypes from 
those of either parent, 1.e., they are new combinations. Para- 
doxically, it is just these new combinations which are being 
labelled by many geneticists as ‘‘recombinations’’ when the 
latter term is really applicable only to the genotypes and pheno- 
types which are the same as those of either parent. 

The error is best illustrated by an example. One may take 
the coupling phase of a cross in which a new recessive mutation, 
aa, is being tested for linkage with the dominant character rep- 
resented by the gene B. If the F, be back-crossed to the double 
recessive homozygote, one obtains the condition listed below. 


Parental genotypes; AABB x aabb 
Parental phenotypes: AB ab 

F, genotype: AaBb 

F, gametes: AB, Ab, aB, ab 
Phenotypes in back-cross: AB, Ab, aB, ab 


Of these four phenotypes obtained in the back-cross, two, AB 
and ab, are referred to as ‘‘parental combinations.’’ Since they 


demonstrate the production by the F, of gametes containing the 
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same combination of genes as was contributed in the gametes of 
either original parent, this terminology is quite correct. On the 
other hand, the two phenotypes Ab and aB have not previously 
been encountered in the cross under consideration. They indi- 
cate the production of F, gametes containing respectively the 
gene combinations Ab and aB. These are strictly new com- 
binations and not ‘‘recombinations’’ in any sense of the word. 

When a deficiency of these new combinations below the 50 
per cent. expected on the basis of random assortment indicates 
linkage of A and B, the gametes Ab and aB are then referred 
to aS cross-over gametes, or, more commonly, the phenotypes 
Ab and aB are simply called cross-overs. However, when there 
is independent assortment instead of linkage, it is incorrect to 
refer to the new combinations as cross-overs, since there has . 
been no crossing-over. It has become common usage with some 
geneticists to label all new combinations as ‘‘recombinations’’ 
and then to state that their frequency indicates either inde- 
pendence or a certain percentage of crossing over. 

Concerning the prefix ‘‘re,’’ Webster’s Dictionary (1930) says: 


A prefix denoting: 

1, Back, esp. back to an original or former state or position; back- 
wards; . 

2. Again ;—used chiefly to form words, esp. verbs of action, denoting in 
general repetition (of the action or of the verb), or restoration (to a previ- 
ous state); as in rejoin, to join again, reiterate, to iterate again, renew, to 
make new again, .. . ete. 


No special meaning is given for ‘‘recombination’’ as is done 
for numerous other words of which the exact shade of meaning 
is not clear from the prefix ‘‘re’’ and the root. 

With this in mind, whenever no discrimination is made be- 
tween different combinations of genes, one may say that in a 
general way all the genotypes and phenotypes obtained in an 
F, or backcross represent recombinations of factors which segre- 
gated in the F, germ cells. However, when, as in a linkage 
study, these same genotypes or phenotypes are differentiated 
into two classes, in one of which the combinations of characters 
are exactly the same as those found in the parents, while in the 
other the combinations of characters differ from those of both 
parents, then, from this aspect, only the former class contains 
recombinations, whereas the latter class obviously consists of 
entirely new combinations. 
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Inspection of the example given above shows that the only 
recombinations are AB and ab, 1.e., the parental combinations. 
To be accurate, since ‘‘recombination’’ implies reunion after 
separation, it is really applicable to the parental combinations 
only when linkage has not occurred and when there has therefore 
been in the F, germ cells independent segregation of the chromo- 
somes bearing the genes A or a and B or b. It is not strictly 
eorrect to label as recombinations those cases in which A and B 
or a and 0b are linked and remain together throughout the cross, 
but the term ‘‘parental combinations’’ is appropriate in cases 
both of linkage and of independence. 

To designate the phenotypes Ab and aB, which are unequivo- 
eally ‘‘ new combinations,’’ as ‘‘recombinations’’ is not merely 
making the terminology ambiguous; it is a direct subversion of 
fact. Geneticists who use the term ‘‘recombinations’’ really 
mean ‘‘new combinations.’’ To them the two expressions seem 
synonymous, but in actual meanings each is the very antithesis 
of the other. For this reason, no one but a geneticist could 
easily understand the paradoxical statement in the second 
sentence of the following quotation from a leading text-book :* 


The two large classes contain the factors in the same combinations in 
which they occurred in the parents and are, therefore, called parental com- 
binations. The two smaller classes represent combinations of the factors 
different from those of the parents and are, therefore, called recombinations. 


Similar inaccuracy is to be found in many recent papers re- 
porting linkage studies. 

Equally undesirable is the use of the term ‘‘recombination’”’ 
in place of ‘‘crossing-over,’’ as it is employed in the text just 
quoted (pp. 136-137) and in other writings on genetics. Cross- 
ing-over is a distinct phenomenon in genetics and it is therefore 
highly desirable to retain for it this accurate and descriptive 
term by which it is usually designated. Since the process forms 
new combinations of genes, and not recombinations, it can not 
with accuracy be referred to as a process of recombination. 

In the interest of a comprehensible terminology, the writer 
suggests that geneticists refrain from using the words ‘‘recom- 
binations’’ and ‘‘ recombination’’ in these senses and stick to 
the terms ‘‘new combinations”’ and ‘‘crossing-over.’’ Where the 
frequency of new combinations indicates linkage, such combina- 


1E. B. Babcock and R. E. Clausen. ‘‘Genetics in Relation to Agricul- 
ture.’’ Second ed., p. 126, McGraw-Hill. 1927. 
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tions may correctly be referred to as cross-overs, but the general 
term suggested will cover all cases. 

Some readers of this note will counter the suggestion with the 
reply that no up-to-date geneticist who can read English will be 
confused by the continued use of ‘‘recombinations.’’ This may 
be correct, but it does not exempt us from the mental anathema 
of the German, Russian or Japanese student who may find it 
difficult to translate correctly the paradoxical terminology of the 
American geneticist. After all, since science is exact knowledge, 
should this knowledge not be expressed in exact and accurate 
terms? 

The intricacies of genetics are not easy to master. The adop- 
tion of accurate terminology should make them slightly less 
recondite to the beginning student, to the foreigner struggling 
with a strange language and to the worker in other fields who 
may try to acquire a nodding acquaintanceship with the young- 
est of biological sciences. 

F. B. Hurt 


UNIVERSITY OF MINNESOTA 


RESTING EGGS THAT FAIL TO REST 


Moina macrocopa is a species of Cladocera found in abundance 
in barnyard and other similar ponds. Probably most ponds 
inhabited by this species are formed by the winter and spring 
rains and frequently dry up completely during the summer. 
Moina macrocopa is a very prolific, though relatively short-lived, 
animal. Depending on the temperature and food conditions, a 
female when three to seven days of age will produce partheno- 
genetically her first brood of ten to twenty young. Thereafter 
she is likely to release, at thirty- to sixty-hour intervals, suc- 
cessive clutches of fifteen to forty parthenogenetically produced 
young until she has produced from three to perhaps ten broods. 
When the pond becomes overcrowded during the summer, due 
to evaporation of the water as well as the prolificacy of the 
species, some of the young produced are males and some of the 
females produce the sexual or resting egg (not more than two 
per clutch). These resting eggs are laid into the ephippium or 
modified egg case which is cast when the animal moults. If 
unfertilized these eggs quickly disintegrate. The fertilized egg 
is presumably able to withstand the summer drought and the 
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freezing temperatures of winter and to hatch (into a female) 
when the pond refills in the spring. 

By crowding and control of food supply, the conditions of the 
wild may be sufficiently approximated in the laboratory that 
fertilized sexual eggs may be produced experimentally. Agar 
(1914) and Green (1919) had only moderate success in discover- 
ing methods of ending the latent period (inducing the egg to 
hatch) of sexual eggs produced by Simocephalus vetulus (another 
species of Cladocera which has a life history similar to that 
described for Moina macrocopa). The writer has had fair suc- 
cess with the hatching of ephippial eggs produced by still another 
eladoceran form, Daphnia longispina. All work with Simo- 
cephalus and Daphnia indicates that an antecedent latent period 
of perhaps a week or month or more in length, during which the 
eggs should be dry, is necessary before these eggs may be induced 
to hatch. The writer has microscopically examined literally 
many thousands of Daphnia longispina sexual eggs and has 
never observed a single one developing until after it had become 
dry and had gone through a resting or latent period. In a dis- 
cussion of the sexual eggs of Cladocera in general, Storch (1925, 
pp. 14, 46) says ‘‘the resting eggs (Dauereier) immediately after 
fertilization pass through only the first developmental stages to 
the mesoderm-analage, when without exception a resting stage 
sets in which lasts from several days to many months until finally 
with the occurrence of certain conditions development is con- 
tinued and carried to its conclusion.’’ 

Preliminary work done by Banta (personally communicated) 
with Moina macrocopa sexual eggs indicated that a much shorter 
latent period before hatching is necessary for this species than 
for Daphnia longispina and that perhaps this period might be 
as short as twenty-four to forty-eight hours if the eggs were 
promptly made dry. Consequently Moina macrocopa was re- 
cently selected to make some genetic tests. The observations 
here cited on the latent period of the eggs of M. macrocopa are 
a by-product of the other study. In work with Daphnia longi- 
spina the writer’s routine method of handling the eggs has come 
to include a microscopic examination of the cast ephippial cases 
a day or more after they were cast in order to get a precise rec- 
ord of the number of fertilized sexual eggs. After such a count, 
also as a part of the routine, the eggs were removed to a bottle 
to dry. In the course of the first of such microscopic examina- 
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tions of sexual eggs of Moina macrocopa a quite startling and 
unexpected observation was made. Two of these eggs were de- 
veloping and were almost ready to hatch without ever having 
been dry and not more than forty-eight hours after the egg-case 
had been cast by the mother. It was regarded as an exceptional 
occurrence. Several days later, however, another recently laid 
sexual egg, which had never been dry, was observed to be de- 
veloping. The method of handling was then altered. After 
being counted the eggs were transferred to a bottle of fresh 
culture medium which had stood long enough to be clear. Daily 
microscopic examinations of the eggs were made. Of one lot 
of 24 eggs carefully followed in this manner, 20 (83 per cent.) 
hatched without having been dry. Three which did not hatch 
after a week of daily examinations were put out in a bottle to 
become dry. Five weeks later when water was added to the 
bottle all three hatched. The twenty-fourth egg had been 
recorded as ‘‘probably disintegrating; discarded.’’ From a 
second group of 60 sexual eggs and from a third group of 67 
sexual eggs from the same line, 77 per cent. and 78 per cent., 
respectively, hatched without having been dry. 

It seemed possible that the line of Moina macrocopa (Banta’s 
Line 1012) selected for this work might be unique in this pre- 
sumably extraordinary behavior. Accordingly, an entirely 
unrelated line of Moina macrocopa (Banta’s Line 1705), obtained 
from a pond near Providence, R. I., was tested, the first line 
tested having been obtained from a pond near Cold Spring 
Harbor, N. Y. Two groups of eggs were obtained from this 
Providence stock—one containing 189 and the other 132 sexual 
eggs. From the first, 88 per cent. and from the second, 86 per 
cent. hatched without having been dry and within from 2 to 24 
days after having been cast in the ephippial case. From still 
another group of 52 ephippial eggs obtained by mating females 
of the Providence stock with males of the Cold Spring Harbor 
stock 83 per cent. hatched without having previously been dry. 

As indicated above, these eggs were obtained primarily for 
another purpose. Only the one lot of 24 eggs was followed in 
an attempt to ascertain the maximum percentage which might 
hatch. Twenty-three of the 24, or 96 per cent., hatched. The 
other lots observed were followed only long enough to obtain 
sufficient material for the main study in hand at the time. It 
is probable that somewhat higher percentage of hatches might 
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have been obtained from these other lots if those eges which 
failed to hatch without drying had been dried and had then 
been placed in water. 

Observations have also been made on sexual eggs of a third 
line of Moina macrocopa—Banta’s Line 1707—obtained from 
central Indiana in the fall of 1931. Similar high percentages 
of prompt hatching of the sexual eggs without a resting period 
were obtained. Hence this phenomenon of hatching without a 
latent period occurs in all the stock of this species which the 
writer has been able to test and may readily be universal for 
this species. 

If these laboratory observations can be considered as having 
been made under conditions comparable to conditions prevail- 
ing in outdoor ponds, the high percentage of early hatches from 
sexual eggs without a latent period of being dry may be cited 
as one of the wasteful processes in nature, inasmuch as all indi- 
viduals hatched or hatching from such eggs would ordinarily die 
in the course of a few days following their production (during 
which the pond usually either becomes dry or from other causes 
fails to continue to sustain this species). In comparison with 
the number of parthenogenetic young produced, the number of 
the ephippial eggs produced is very low. These observatirns 
indicate that with Moina macrocopa most of the sexual eggs 
develop soon after being laid. Such as hatch have small chance 
for survival and merely tend to aggravate a situation already 
unfavorable for the continuance of the active animals. Pre- 
sumably only the small percentage which fails to hatch without 
having become dry and such as become stranded and promptly 
dried along the receding pond margin would remain to carry 
the race over until favorable conditions again return. 

In addition to this adaptation of the sexual egg of Cladocera 
to carry the species over the vicissitudes of drought and winter, 
the increased vigor of some of the clones derived by sexual 
reproduction has been demonstrated (Banta and Wood, 1928). 
The evidence indicates that this is due, not to a rejuvenescence 
resulting from sexual reproduction per se, but to genetic re- 
combination. There are ponds in which Moina macrocopa occurs 
which do not periodically dry up or freeze over. Further, 
Storch (1925) states that Leege and H. Spandl have demon- 
strated the very general transference of sexual eggs from one 
locality to another on the feathers or feet of water birds. Per- 
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haps Moina macrocopa is generally capable of producing two 
sorts of sexual eggs—those which require an extended resting 
period and those which do not. Regardless, then, of the nature 
of the body of water—whether or not it dries up or freezes 
periodically—to which Moina macrocopa might be transferred, 
the species would be able to maintain itself in a vigorous con- 
dition. 

There is a marked parallelism between this interpretation of 
the present observations and Bodine’s very recent observations 
(orally communicated) on the development of grasshopper eggs. 
Bodine and associates find that the same grasshopper may pro- 
duce two sorts of eggs, one of which ceases its development re- 
gardless of temperature (has a resting stage or diapause) and 
resumes development in the spring after exposure to low tem- 
peratures; whereas embryos of the other sort continue their de- 
velopment without a diapause or resting stage. In temperate 
regions the former sort survive, the latter kind may perish. In 
milder climates either may survive. 

I am indebted to Dr. A. M. Banta for his many pertinent sug- 
gestions which led to these observations and for his willingness 
to advise in their presentation. 

THELMA R. Woop 

Brown UNIVERSITY AND 


DEPARTMENT OF GENETICS, 
CARNEGIE INSTITUTION OF WASHINGTON 
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COMPLEMENTARY FACTORS FOR EYE COLOR IN 
DROSOPHILA 


Bripces (719) and Bridges and Morgan (’23) have described 
the effects of a large number of combinations of factors on eye 
color in Drosophila. They found many eases in which the effects 
are not simply cumulative. Such cases furnish interesting labo- 
ratory material. A considerable number of crosses between 
different recessive eye colors were made by members of the class 
in genetics at the University of Chicago in the fall quarter of 
1931. Doubtless all have been made before as only familiar 
mutations were used but as I have not found any published 
reference to certain of the most striking results, it may not be 
superfluous to call attention to them. Six members of the class 
(L. E. Alexander, D. M. Crooks, Mary Talbot, J. A. Miller, 
Grace Townsend and C. A. Cohn) made the cross between brown 
eye and scarlet. The red eyed F, flies produced an F,, which 
in the aggregate included 919 red, 302 scarlet, 327 brown and 89 
white, each divided approximately equally into males and 
females. It appears that scarlet and brown, which individually 
produce relatively slight, though qualitatively different effect on 
eye color, produce white as the double recessive. Mr. Crooks 
and Mr. Alexander tested this conclusion by mating the new 
white with brown stock, obtaining only brown; with scarlet stock, 
obtaining only scarlet and with the ordinary sex linked white in 
which case the daughters (at least) were red eyed. 

The effects of the scarlet gene are very nearly if not quite the 
same as those of the sex linked gene vermilion. The eye colors 
are indistinguishable unless a tendency of scarlet to darken more 
with age, noted by Bridges and Morgan, is characteristic. Both 
have very light ocelli, those of scarlet being described as white 
and those of vermilion as having a barely detectable tinge of 
yellow. There is a marked contrast with the brownish red ocelli 
of red eyed and brown eyed flies. Bridges and Morgan state 
that the double recessive scarlet vermilion shows no cumulative 
dilution effect being a vermilion ‘‘indistinguishable from both 
single recessives.’’ The simplest physiological hypothesis for 
accounting for such eases (of which they give many other ex- 
amples from eye colors of Drosophila) seems to be that the reces- 
sives represent complete inactivation of two genes which are 
solely responsible each for carrying through a different link in 
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the same chain reaction. Failure of either link or of both would 
cause complete absence of the end product of the postulated 
reaction. In the present case, it must be assumed that this 
reaction product is not itself necessary for eye pigmentation 
since its failure leaves the rather intensely colored vermilion (or 
scarlet) eye. 

The absence of pigment in the double recessive scarlet brown 
indicates that the type allelomorph of brown is solely responsible 
for an essential link in the complementary pigmentation process 
implied above. If these deductions are correct both pigmenta- 
tion processes should also fail in the double recessive vermilion 
brown, which, therefore, should also be white. This turns out to 
be the case: Mr. Crooks mated a brown female with a vermilion 
male. The F, from the red eyed F, flies consisted of 76 females 
(54 red: 22 brown) and 79 males (23 red: 7 brown: 34 ver- 
milion: 15 white). 

The apparently ‘‘disproportionate’’ effect of the double reces- 
sive and the qualitative differences between brown and the others 
present some difficulty but it may be that the two postulated 
reaction products act primarily on the same otherwise limited 
process, on which the failure of either has thus only a slight effect 


but that they differ in effect on a secondary qualitatively dif- 
ferent pigmentation process. In this connection, the recognition 
by Johannsen (’24) of two distinct pigments, wine red and yel- 
low, which varied to some extent independently in the different 
eye colors, is of interest. 


SEWALL WRIGHT 
THE UNIVERSITY OF CEICAGO 
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A CASE OF TWO SIMULTANEOUS MUTATIONS FOR 
VIRESCENT SEEDLINGS IN MAIZE 


THE frequent occurrence of seedling abnormalities in open 
fertilized maize stocks has been noted by many investigators. 
There is, however, very little crucial evidence to indicate whether 
the abnormalities appearing upon selfing are recent mutations 
or mutations which have been carried along in a heterozygous 
condition. 

The most extensive data dealing with naturally occurring 
mutations of the chlorophyll deficient type have been presented 
by Hayes and Brewbaker. They observed four mutations 
among a total of 953 selfed lines. 

In the summer of 1930 the green sibs in a progeny of maize 
known to be segregating for albinism were tested to determine 
whether there was any relation between heterozygousness for this 
character and catalase activity. The tested plants were selfed 
and classified with respect to albinism. Although differences in 
catalase activity occurred, there seemed to be no consistent differ- 
ence between the homozygous green plants and those heterozygous 
for the albino gene. 

Among the ears tested for albino segregations was one which 
unexpectedly segregated for both albino and virescent seedlings 
in a ratio of approximately 27 greens to 37 chlorophyll deficients. 
Such a segregation could be explained on the assumption of con- 
tamination by a stock carrying two virescents or the occurrence 
of two simultaneous mutations for virescent seedlings. Con- 
tamination does not offer a satisfactory explanation. No stocks 
in the field were known to carry two virescent genes. The 
progeny in which the aberrant ear occurred gave no indication 
of previous contamination as evidenced by hybrid vigor. Addi- 
tional evidence against contamination was the difference in vigor 
between the plants grown from the original stock and those from 
the aberrant ear. The latter differed from its parent in about 
the degree to be expected from the additional generation of 
selfing to which it had been subjected. 

The progenies grown from the original ear and from the aber- 
rant ear were selfed to test for freedom from contamination of 
the one and for the presence of two virescents in the other. In 


1H. K. Hayes and H. E. Brewbaker, Jour. Hered., 15: 497-502, 1924. 
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both progenies only the green plants survived. Twenty-three 
selfed ears were obtained from the stock known to carry albinism. 
Of these, eight produced progenies of green seedlings only and 
the remaining 15 produced progenies containing green and albino 
seedlings in a ratio approximating 3 to 1. There was no evidence 
of contamination of any of the plants in this progeny. Thirty- 
five selfed ears were obtained from the progeny of the aberrant 
ear. The seedling progenies of these ears could be separated 
into the six classes expected on the basis of segregation for one 
albino and two virescent factors. The summarized data are pre- 
sented in Table I. 
TABLE I 
SuMMARY OF SEGREGATIONS FOR THE CHLOROPHYLL TYPES STATED 


Number 


(o-c)? (0-c)? 
c 


Type of Segregation 
Observed Calculated 


All green 1.3 49 04 
3 green : 1 albino 2.6 A 2.21 
3 green : 1 virescent ... 5.2 
9 green : 7 virescent... 5.2 “= 62 
9 green : 7 virescent 
BNE 10.4 : 55 
. 27 green : 37 virescent 
and albino 10.4 : 2.03 


4=6.95 P=.22 


Using the data obtained by Hayes and Brewbaker as a stand- 
ard, a simultaneous mutation for two chlorophyll deficient types 
would be expected only once in 56,763 trials if one considers all 
the mutations observed by them or once in 908,209 trials if only 
the virescent mutation is considered. They emphasize the fact 
that the mutation rate varies with different varieties and it is of 
course possible that the stock involved in this case had a very 
high rate. With the exception of the single aberrant ear there 
is no evidence to indicate a high mutation rate for this stock. 


GEORGE SPRAGUE 


Merritt N. 
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EARLY AND LATE FEATHERING IN RHODE 
ISLAND REDS 


SEREBROVSKY (’22) and Warren (’25) have reported a sex- 
linked gene for rate of feathering in White Leghorns, Barred 
Plymouth Rocks, Russian Orloffs and Jersey Black Giants, 
Warren’s data indicate very definitely that late-feathered chicks 
do not show tail feathers earlier than sixteen days after hatching 
and that early-feathered chicks exhibit definite tail feathers at 
nine days of age. 

Rapid feathering, which is characteristic of the Leghorn breed, 
is due to a recessive sex-linked gene called (r) or (sl) by Warren. 
Since the male fowl carries two X chromosomes and the female 
but one X, there should be twice as many early-feathering pul- 
lets as early-feathering cockerels - a population made up of 
early and late phenotypes. 

The Rhode Island Red flock of the Massachusetts Station 
hatched in 1931, consisting of 2,882 chicks, was classified into the 
early and late phenotypes at twelve days of age. These birds 
have been bred for characters affecting fecundity without regard 
to rate of feathering. If this is really a mixed population for 
rate of feathering and if the gene (r) or (sl) is present in this 
flock there should be twice as many pullets as cockerels in the 
early feathered class. 


RHODE ISLAND REDS HATCHED IN 1931 


Early Feathered Late Feathered 

Males Females Males (SI S1) Females 

(sl sl) (slo) or (Slsl) (Slo) 
194 373 1249 1066 
Expected. ............... 189 378 1247 1068 


The sex ratio in the above chicks is very close to equality, 
there being 1,443 males and 1,439 females when sex was deter- 
mined at eight weeks of age. There were 567 birds that were 
classified as early feathering in a total of 2,882. The data 
actually indicate that in equal numbers of males and females 
there are twice as many early-feathered females as there are 
males. The deficiency of males in the early class is almost 
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exactly made up in the late group and the surplus of early 
females accounts for the female deficiency in the late class. 

The data indicate, therefore, that the sex-linked recessive gene 
already referred to is present in the Rhode Island Reds studied 
and that it alone is responsible for the early-feathering observed. 

F, A. Hays 


MASSACHUSETTS AGRICULTURAL 
EXPERIMENT STATION 
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NOTE ON THE MEDUSA CRASPEDACUSTA IN 
MISSOURI, WITH A SUMMARY OF THE 
AMERICAN RECORDS TO DATE 


On September 6, 1931, a single medusa 10 mm. in diameter 
was found near St. Charles, Missouri, by Michael S. Wepprich, 
Jr., a student at the University of Missouri. Sections of the 
gonads showed it to be a male, and Dr. Fernandus Payne, of 
Indiana University, was kind enough to confirm the identifica- 
tion of the specimen as Craspedacusta ryderi (Potts). It was 
found in a quarry-pit south of the Wabash R. R. right-of-way, 
in the northwest corner of the southeast quarter of Section 23, 
St. Charles County. A visit to this place three weeks later 
failed to locate any more medusae, and the search will be re- 
sumed in the spring. 

It is apparently agreed that the fresh-water medusae and 
their ‘‘microhydra’’ forms so far reported from various parts 
of the United States (together with one record from the Panama 
Canal Zone) should be assigned to the genus Craspedacusta 
Lankester. Whether or not the North American specimens 
assigned to the European species C. sowerbiit Lankester should 
instead have been referred to the American species C. ryderi 
(Potts) has not been decided. Meanwhile, the hydroid of 
Craspedacusta has been found in four different states, and the 
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medusa in ten states, the District of Columbia, and the Canal 
Zone. It may be of interest, therefore, to bring together in a 
table the American records of this uncommon but widely dis- 
tributed genus which have so far been reported : 
RupouF BENNITT 
UNIVERSITY OF MISSOURI 


Year 
reported 


Reported 
by 


Locality 


Stage and 
sex 


Name given 


Publication 


1885 
1897 
1907 
1916 
and 


1924 
1924 


1924 
1925 


1932 


Potts 
Potts 
Hargitt 
Garman 
Payne 
Payne 
Smith 
Payne 
Payne 
Schmitt 
Schmitt 
Breder 
White 
Orten- 
burger 
and 


Phillips 
Bennitt 


near Philadel- 
phia, Pa. 
ibid. 


Washington, 
DIAG, 


near Frank- 
fort, Ky. 


Elkhart, Ind. 


Augusta, Ga. 

Gatun Lake, 
C. Z. 

near Frank- 
fort, Ky. 

4 points on 
Kentucky R. 


Potomac R. 

near Owens- 
boro, Ky. 

New York 
Aquarium 

Tuscaloosa, 
Ala. 

near Broken 
Bow, Okla. 


St. Charles, 
Mo. 


hydroid 
medusa 


medusa 
(male) 

medusa 
(male)? 


hydroid and 
medusa 
(female) 

medusa 

medusa 


hydroid 


medusa 
(male and 
female) 

medusa 

medusa 


hydroid and 
medusa 

medusa 
(male) 

medusa 


medusa 
(male) 


Microhydra 
ryderi 
M. ryderi 


Limnocodiwm 
sowerbii? 

Craspedacusta 
sowerbyi 

C. ryderi 

not named 


C. sowerbii 


C. ryderi 


C. ryderi (1 ree- 
ord); other 3 


not named 
C. sowerbii 
C. sowerbii 
C. sowerbii 


C. ryderi 
C. ryderi 


C. ryderi 


Sci., 5, No. 123, cover | 
sheets, p. 
Amer. Nat., 31, 1032-7 
1035 
Sci., 26, 638-639 


Sci., 44, 858-860 
Sci., 60, 477-478 


J. Morph., 38, 38%" 
430 


ibid. 
Sci., 61, 588-589 


Sci., 62, 421 


Biol. Bull., 50, 43%. 
443 
Sci., 66, 591-593 
ibid. 


Sci., 67, 242 
Biol. Bull., 59, 2227 


232 
Sci., 74, 222 


1 Species not named; in a later paper (Biol. Bull. 14, p. 312) Hargitt calls these - 
medusae ‘‘almost certainly Limnocodium sowerbii.’’ § 

2Sex not given in either of Garman’s papers; Payne (1926, p. 433, see above) 
says they were males. 
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